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JENKINS 


of Rotherham 


Welded fabrications and fusion-welded 
pressure vessels to the requirements 
of Lloyds Class | A.S.M.E., A.O.T.C. 
codes and similar specifications. 





interested in 


PRESSURE 
VESSELS ? 


Then, probably, it will interest you to know 
that the North Greaves Works of Jenkins 
of Rotherham was planned and equipped 
solely for the fast fabrication of heavy vessels 
to Class | specification. 

These works offer capacity and are 
co-ordinated with every modern resource 
for the successful manufacture in all weldable 


metals of any design of pressure vessel. 


WELDED PRESSURE VESSELS IN STAINLESS STEEL, MONEL, TITANIUM, HEAVY ALUMINIUM AND MILD STEEL 


ROBERT JENKINS & CO. LIMITED, ROTHERHAM 


Telephone: 4201-6 (6 lines) = 
THE SIGN OF 
@00D WELDING 
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IGNITRONS 











AEI ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 





i Maximum average* 
Types ee. anode current 
(Amps.) 


Temperature 
control 





BK 22 450 15 -- 
BK 24 1200 140 _ 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 oo 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 — 
BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22-4 si 


























* Ratings are for welder control service, with two valves in inverse 
arallel at any voltage from 250-600v. r.m.s. 
y 


Associated Electrical Industries 


manufacture the widest range of 
ignitrons in the United Kingdom — me Maximum peak voll Maximum average current 
= (Kilo volts) at peak voltage 


moreover all AEI ignitrons are inter- (Amps.) 
changeable with the corresponding BK 44 4 75 

American types. Whatever the job, BK 46 ‘| 150 
from the AEI lists you can select the BK 56 ¢ 20-1 150 


Rectifier types 

















right valve. t Tentative ratings. 


Write for Leaflet 5851-8 





‘‘Please remember generously when 
buying your poppy” 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 





ELECTRONIC APPARATUS DIVISION 


A.5447 
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new cylinder 


—specially designed for arc welding 

A Carbon Dioxide cylinder of new construction is now avail- 
able. When full with 50 Ibs. of liquid CO, it will weigh little 
more than the present full 28 lb. cylinder—much easier for 
handling and storage 

The cylinder, fitted with a plastic syphon tube and used in 
conjunction with the heater, ensures constant moisture 
content throughout withdrawal. (In a conventional cylinder 
considerable variation in moisture content is inevitable.) 
The new 50 Ib. cylinder will be specially painted, labelled 
and handled to avoid confusion with other types. 


SUPPLY: Bulk Liquid and Cylinders 
STORAGE: Installation and Maintenance 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department - Devonshire House 
Piccadilly - London W1 - MAYfair 8867 


Sales Offices 
Southern Area: Broadway House, The Broadway, Wimbledon SW19. 
Liberty 4661 . 


Northern Area : Queens House, Queen Street, Manchester 2. 
Deansgate 8877 


TA 8908 


BRITISH WELDING JOURNAL 








Ne hill nb 


MARCONI ror 
INDUSTRIAL 


X-RAY 


Setting up a 250-kV Marconi Mobile X-ray apparatus for A : ‘ A RA 7 U Ss 
radiography of the longitudinal seam of an air receiver at the 


works of The North Eastern Marine Engineering Co. Ltd., 
Wallsend. (A member of the Richardsons, Westgarth group.) 


The Marconi 250-kV Industrial X-Ray Unit offers 
every feature desired by the discriminating industrial 
physicist and radiographer. Completely British made, 
including insert, it is widely used in a number of 


THE MARCONI 
250 kV 
CONSTANT 


POTENTIAL 
EQUIPMENT 


industries, including shipbuilding, aircraft, iron and 
steel, motors, boiler-making and heavy electrical en- 
gineering. For full details of this versatile equipment, 
send for leaflet AQ24. 


MARCONI (¢ *- Ray 


Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 


London and the South Midlands 


Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Spa. 


Telephone : COVent Garden 1234 Telephone: 1408 


North Export Deportment : 
23/25 Station Square, Harrogate, St. Albans, Herts. 


Telephone : 67455 Telephone : St. Albans 56161 
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STRAIGHTENING 
FOLDING 
FLANGING 


HUGH SMITH 
Machine Tools 


GAP TYPE PRESSES 


Electro hydraulic type in a range of sizes and powers suitable 
for all duties. These machines have great versatility for many 
kinds of work: the model illustrated has a power of 500 tons 
and is ideal for general work. 


PLATE STRAIGHTENING ROLLS 


of modern, robust construction, seven- 
roller type, for continuous production. 
Available with single or variable speed 
drive in a full range of sizes. The 
machine illustrated handles plates up 
to IIft. 6in. by 1,,in. 


Hugh Smith & Co. (Possil) Ltd., 


HAMILTONHILL ROAD . GLASGOW, N.2 
Telephone: POSSIL 8201/4 Telegrams: POSSIL, GLASGOW 
Makers of 
PLATE EDGE PLANERS - PLANO-SHEARS - PLATE BENDING ROLLS- HYDRAULIC PRESSES of many types 
FOLDING & FLANGING PRESSES - BEAM BENDERS 








A copy of our catalogue will be sent on request 
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Tens of thousands 

of times a day 

a GKN WELDNUT 

makes life easier 

for sheet metal assemblers, 
simpler for designers, 

and cheaper for manufacturers 
of — for example — 

cars and cookers 

and combine harvesters. 


Difficult positions 

are easy for it; 

it is self-locating 

for rapid fixing 

by projection welding 

— and it cannot work loose. 
Tne weld is consistently 
stronger 

than the parent metal ; 
the thread unimpaired 
by the welding ; 

the opposite side 

of the sheet 

perfectly flat. 


Patent Weldnuts 
are precision-made 
by GKN under 

the strictest 
Quality Control 


YEN CT Weldnuts 


Guest Keen & Nettlefolds (Midlands) Ltd., Bolt & Nut Division, Atlas Works, Darlaston, 8. Staffs. 
Telephone: James Bridge 3100 (10 lines) Teler 33-228. 





NOVEMBER, 1960 








WELDING 


a 


Full details of Weldees electrodes 
are given in Publication WA/149, 


a copy of which will be sent on request. 





ELECTRODES 


THE LATEST DEVELOPMENT 
FOR GENERAL PURPOSE 
WELDING 


Cpecia 
designed 
for — 


EASY WELDING 
ON MILD STEEL 
IN ANY POSITION 





CONSISTENT RESULTS 
WITH A HIGH RATE 
OF DEPOSITION 


A.C. OR D.C. OPERATION 
WITH WIDE 
CURRENT RANGE 


EACH 


ELECTRODE IN 
‘ENGLISH ELECTRIC’ 


THE 
RANGE 


has been individually developed under stringent laboratory control 
to give the best results on the metal for which it is designed. 


FOR EASE IN WELDING REMEMBER THEM BY NAME 


Choose the special one made for your exact purpose — 


FOR WELDING MILD STEEL 
ENROX 


general purpose electrode. 
WELDEES 

for easy welding of mild steel. 
VOHEES 

for all positions, particularly 

vertical and overhead. 
SPEEDEES 

for very rapid downhand welding. 
VERTEES 

for vertical and overhead welds. 
DEEPEES 

for deep penetration. 
PRESSUREES 

for deep groove welding. 
PRESSUREES IP.1 

for fast and easy deep groove 

welding. 


FOR WELDING SPECIAL STEELS 
HERMEES 
for fast welding of high tensile 
Steels. 
HERCULEES 35 
low hydrogen electrode for tensile 
strength up to 35 tons P.S.1. 
LOWHEES 
general purpose low hydrogen 
electrodes. 
STAINEES M 
for 18/8/3 stainless steel. 


STAINEES N 


for 18/8 stabilised stainless steel. 


PYRISTEES 1 
for creep resisting steels operating 
at temperatures up to 950°P. 


PYRISTEES 2 
for creep resisting steels operating 
at temperatures up to 1050°F. 


FOR WELDING CAST IRON 


CASTEES N 
giving an easily machined weld. 


CASTEES SG 
for spheroidal graphite cast iron. 


FOR HARD SURFACING 


HARDEES 
in grades from 250 to 650 V.P.H, 


MANGANEES R 


for manganese steel. 


FOR GOUGING AND PIERCING 
GROOVEES 


suitable for all metals. 


FOR FILLING 


FILLEREES 
specially for filling cavities in steel 
castings. 


All are quality controlled by welding tests on every batch made. 


write for de tee 


gives t 


a 


2. 


' Z rk c is hi h 


now eg 


ENGLISH BLEU 


weliding electrodes en 


WELDING ELECTRODE DIVISION 
Clayton-le-Moors, Accrington. ore, Bad, Liverpool 10. 


NC 6 cout MENT DIVISION 


Aintree 3641 


THE ENGLISH ELECTRIC COMPANY LIMITED, English Electife House, Strabd, London .W.C.2, 
WORKS: STAFFORD - PRESTON * RUGBY BRADFORD * LIVERPOOL -*ACCRINGTON. \ WAE.29 


Telephone: Accrington 33241 s@ lephont 





FABRICATING COMPLEX STRUCTURES 


Helical double paddle scroll for 
a large mixing churn built up 
from a 16” o/d x 8 i/d hollow 
shaft with solid stub ends to give 
an overall length of 19’-0". 
The inner and outer helical 
scroll are 6'-6" o/d and 
9’-0" o/d respectively. 


Head Wrightson Teesdale Ltd., 

design and manufacture 

complex fabrications in 

mild steel, alloy steels and 

non-ferrous materials. 

Equipment is designed for exceptional 
duties, to all the principal codes, 

and to class 1 standards, 

and our capacity ranges from 

small pieces to the heaviest fabrications. 
Manufacturing skill is backed by expert 


research and metallurgical investigation 
and control at all stages. We offer a 
comprehensive service and associated 
test facilities for clients 

who are encountering welding problems. 


Outlet nozzle of mixing churn 
being welded into the body. 


HEAD WRIGHTSON TEESDALE LIMITED 


TEESDALE IRON WORKS THORNABY-ON-TEES 
LONDON JOHANNESBURG CALCUTTA 


P.1482 
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Cut a fine rIGUre.w.. 


The new Hancomatic embodies the best principles of oxygen cutting 
in a handsome, streamlined machine. With the Hancomatic it’s top 
speed precision cutting every time and saving in time and labour 
all along the line. New electrically operated oxygen cutting valve 
with instant shut-off, new tracer head for operation from templates 
of all types. 

The Hancomatic is available in 40’, 62”, 90” and 120” cutting widths; 
the 120” width machine is Britain's largest and a standard machine of 
this type can be equipped for a cutting area of as much as 500 sq. ft. 


with the HANCOMATIC 


OXYGEN CUTTING MACHINE 





...and the Electronic HANCOLINE which traces from 
a pencil drawing automatically. 
The new Hancoline brings absolute simplicity to oxygen 
profiling. 
® No templates needed—no storage problems. 
*® Cut width compensation on tracer head. 


© Fitted with Hancock roller drive—no physical contact 
between tracer and drawing. 


HANCOCK & CO. (Engineers) LTD. 


Progress Way, Croydon, Surrey 4 Telephone: Croydon i908 Cabies: Hanco Croydon. 
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ROTARY CUTTERS 
FILES AND RASPS 


MANUFACTURED IN 


TOOL STEEL 
HIGH SPEED STEEL 


SUPER HIGH SPEED STEEL 
TUNGSTEN CARBIDE 


MORRIS KT O., BRITON ROAD, COVENTRY 
Telephone : Coventry 53333 (PBX) 
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INVIGTA 


ELECTRODES 


Strength Flexibility and versatility are 
important features of this International 
Drott Skid-Shovel, mounted on BTD-6 
Crawler Tractor. Invicta Electrodes are ex- 
tensively used in the fabrication of this unit, 
and they too offer you strength, flexibility 
and versatility, together with reliable weld 
deposits. The INVICTA range covers every 


arc welding application. 


USED BY SOME OF THE 
LARGEST SHIPBUILDING 
AND ENGINEERING 
WORKS THROUGHOUT 
THE WORLD 


Full details of the INVICTA 
range will gladly be sent on 
request 


Photograph by kind per- 
mission of International 
Horvester Co. of Great 
Britain Ltd. 


INVICTA ELECTRODES LTD 


BILSTON LANE, WILLENHALL, STAFFS. TELEPHONE: JAMES BRIDGE 3131. EXT. 308. 


Member of the Owen Organisation 
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IT’S A WELDER’S WORLD 


EvEN the giant new BBC TV centre now dominating part of 
the London skyline belongs to the world of the welder. Pre-fabrication of 
the steel framework, by Messrs. T. C. Jones & Co. Ltd., Treorchy, 
for this remarkable building was made possible by welding — with AkI electrodes. 
EMG 
SON 


No other electrodes are backed by wider user experience. In choosing AEI electrodes, eS » 


No other electrodes have behind them such vast research and engineering resources. 


you are specifying electrodes worthy of the welder. 


~a new name for the best electrodes 


Write t: Associated Electrical Industries Ltd. 
Transformer Division, Heating & Welding Department, 
TRAFFORD PARK, MANCHESTER 17 
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imntewias ' 
welding platens 


highest accuracy x 
at lowest cost. ee 


INTERLAS Welding Platens are made of finest quality close grained grey iron and 
they will withstand constant heavy duty without deterioration or deflection. 


INTERLAS Welding Platens may be placed side by side, and end to end to form any 
shape or area—thus providing a perfect machined flat bedplate for mounting the 
largest of fabrications. 


INTERLAS Welding Platens can be readily used as single units placed directly onto 
your shop floor. Levelling is quickly achieved by simple adjustment of jacking screws 
if desired they can be easily made permanent by surrounding with a layer of concrete 


PRICES NOW NEW WIDE RANGE OF SIZES! 


LOWER THAN T-Slot Levelling 
EVER Length i Depth Centres Screws 


While there is a general ft. in in “ 
tendency for prices of 4 16 
castings to rise, Interlas 5 10 
have by careful planning 

and increased production 6 12 
been able to reduce their 8 16 
already competitive prices 10 15 
to the lowest ever for this 
































type of equipment. state be 

in grey iron of ample thickness, ribbed on the underside in both directions. Clean-cast T-slots to take 
But still the quality re- 1 in. holding down bolts. Top face machined to an accuracy of 0005 in Pachiningen aleardinn, if required 
mains as before—tip-top at extra cost 
in design, material and - : . 
weshenanalt. Write or phone for details of prices and prompt delivery 


INTERLAS LTD., 9 Church st., Ampthill, Bedford. Tel: Ampthill 3340 


Representatives in Eire: Welding Services Ltd., I4a Amiens Street, Dublin Tel.: Dublin 4705! 
BM} 
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Taking the rough with the smooth... 


CARBOFLEX wheels mean more speed, more safety and more economy in weld-dressing operations 

of all kinds. The resilience of CARBOFLEX depressed-centre wheels gives maximum tolerance to careless handling 
or unavoidable shocks: speeds up to 16,000 s.f.p.m. may safely be used. There is no more versatile tool. 

An easily chamfered edge cuts away excess weld almost fiercely, yet leaves a smooth undamaged surface. 
CARBOFLEX depressed-centre wheels have a multitude of uses including de-scaling and de-burring, 

smoothing flame-cut edges, cutting sheet metal, grooving seams for welding, bevelling sheet metal, and 


6 


cleaning up castings. They are most useful tools in any welding shop. 


CARBOFLEX is a registered trade mark of the Carborundum Company Limited. 


CARBOFLEX DEPRESSED-CENTRE WHEELS 


Abrasive products by Bem. i: Se tm Rome. 


TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
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Mallory electrodes 


keep their shape 





WELD AFTER WELD AFTER WELD AFTER WELD AFTER WELD 


Efficiency in seam welding depends much on 
the performance of the electrodes — particularly 
upon their ability to retain good tread contour for long 
periods without need for costly and time-wasting redressing. 
Mallory electrodes hold their tread shape excellently. All 
Mallory materials have the characteristic feature of perfect 
balance of conductivity and hardness and give the best per- 
formance for the longest time. 
There is a Mallory electrode for every resistance welding 
process and a Mallory holder or fitting for every type 
of assembly. 
Book 1200 “Mallory Resistance Welding” is free on request. 
Specialised Products of 


Johnson <> 
mm Matthey 


JOHNSON, MATTHEY & CO., LIMITED controlling MALLORY METALLURGICAL PRODUCTS LTD. 
73-83 HATTON GARDEN, LONDON, E.C.! Telephone: Holborn 6989 

Vittoria Street, Birmingham, | Telephone: Central 8004 75-79, Eyre Street, Sheffield,! Telephone: 29212 

W 02/226 
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USERS AND DESIGNERS OF RES'STANCE WELDING PLANT— 


New design concept 
gives maximum 
application fiexibility 
at lowest cost 


Now —for the first time—buy one cubicle and without 
modification have the option of any of 42 different 
types of welding control—just plug-in the unit combi- 
nation you want. 





























Look at these additicnal features: 
pillar construction for minimum fioor area, 








2 sq. ft.—full accessibility from either side— 





printed circuit construction—positive cycle 
timing—tocked controls. 


A completely new approach to resistance welding control—one basic 
wired cubicle containing an ignitron contactor with weld heat control 
feature incorporating any desired size of ignitron—to which can be added 
any chassis combination to provide fully synchronous timing, automatic 
weld current control, variable slope operation, multiple non-synchronous 
timers and many of the other contro! combinations demanded by today’s 
materials and welding techniques. Manufactured to top grade engineer- 
ing standards at a price lower than many less comprehensive controls 


yj Metal industries Group Write to Resistance Welding Contro/ Division for more details. 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


R.W.1. RUGELEY + STAFFORDSHIRE - ENGLAND 
Manufacturers of the world's widest range of industrial electronic control equipment 
20 BRITISH WELDING JOURNAL 





BRITISH WELDING RESEARCH ASSOCIATION 


19 Fitzroy Square, London, W.1 


> 


COUNCIL AND RESEARCH BOARD 


Sir DONALD BAILEY, O.B.E., J.P. 
Pror. J. F. BAKER, 0.B.E., F.R.S. 


Dr. R. BEECHING 

D. J. W. BoaG 

J. BROWN 

Dr. T. W. F. Brown, C.B.E. 
C. HuMPHREY Davy 

C. H. FLURSCHEIM 

E. Fucus 


Dr. E. G. West (Chairman) 
Dr. N. P. ALLEN, F.R.S. 


Pror. G. WESLEY AUSTIN, O.B.E. 


Pror. J. G. BALL 
W. BARR, O.B.E. 
Dr. L. E. BENSON 
Dr. J. S. BLair 
Dr. N. BooTH 


NOVEMBER, 1960 


PRESIDENT 


Sin CHARLES S. LILLICRAP, K.C.B., M.B.E. 


CHAIRMAN OF COUNCIL 


A. ROBERT JENKINS, J.P. 


HONORARY TREASURER 
W. E. Harriss 


MEMBERS OF COUNCIL 


T. M. HERBERT 

E. J. Hie 

F. C. S. L. Lewin-Harris 

H. PEARSON Loanirz 

Str ANDREW MCCANCE, F.R.S. 
RICHARD MILES 

J. MITCHELL, C.B.E. 


Pror. Sir ALFRED PUGSLEY, O.B.E., F.R.S. 


L. ROTHERHAM 


RESEARCH BOARD 


E. P. S. GARDNER 

A. H. GoopGerR 

Dr. Nicot Gross 

Dr. H. K. Harpy 

Dr. H. Harris 

A. RosBerT JENKINS, J.P. 
Dr. N. J. L. MEGSON 
J. D. D. Morean 


DIRECTOR OF RESEARCH 
Dr, RICHARD WECK 


SECRETARY 
A. O'NEILL 


R. B. SHEPHEARD, C.B.E. 

C. M. SPIELMAN, O.B.E., M.C, 
T. STEVENSON 

J. H. N. THOMPSON, M.c. 
Lt.-Co.. J. F. TopHUNTER 
W. T. TOWLER, J.P. 

Dr. M. A. VERNON 

Dr. E. G. West 

J. M. WILLEY 


Dr. W. I. PumpHREY 
Dr. L. Reeve 

G. Roperts 

Pror. E. C. ROLLASON 
Dr. H. SuTTON, C.B.E. 
J. TURNBULL 

Dr. J. H. WEAVING 
L. M. Wyatr 





uality 


Yates Plant offer you the widest 
and most comprehensive range of 
manipulative equipment. Every 
item in that range is made to 

the highest engineering standards 
in the Baker Perkins Works at 


Hebburn on Tyne. 


A team, comprising technical 
representatives and installation 
engineers, is always at your service - 


to advise on the most economical 


second-to-none 


The NEW Yates patented Twin Pillar 
Column with retractable Boom, of rigid 
design to obviate any deflection at the 
weld point. The machine illustrated has 
an 18 ft arc height and a 16 ft retractable 
Boom movement. Controls for all 
movements of the Column and Boom 


and Rotator set are at the end of the 


and practical equipment, and to Boom and are also duplicated at 





ensure that it performs to your ground level 


entire satisfaction. 


For further details please write to: 


YATES PLANT LTD. 


Bedewel!l Works, 
Hebburn-on-Tyne, Co. Durham. 
Telephone: jarrow 897124 


A member of the Boker Perkins Group 


150 ton capacity rotated Self Propelled Carriage Rotator set. 4 
Wtsh che Casign the carriages move chemesives lawards or A Yates 20 ton Travelling Self-aligning Rotator 
set with integral bogies. The idler 


unit incorporates the well known 


outwards to suit any vessel diameter. Note the large projection 
clearance on the wheels which is achieved by an 


internal gear drive. patented anti-creep mechanism. 
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Main distributors 


The Rowen-Arc laboratory is specially equipped 
to deal with your samples, provide you with first 
hand information on your particular application 
and to determine the welding process which affords 
the best results. Our technicians will provide cost/ 
process data obtained under practical conditions. 
Take advantage of this free serv it will mean 
faster operation and bigger savings for you 


Watch Rowen-Arc for further develop- 
ments in welding! Write for literature and 
details to 


ROWEN-ARC :ity’ 


DIVISION OF RUBERY, OWEN & CO.LTD 


A Member of the Owen Organisation 


LINCROWELD LTD.. BANK CHAMBERS, 16 SOUTHWARK ST., LONDON, 8.E.1. (London & Southern Counties) 


R. FRAZER & SONS LTD., HEBBURN, CO. DURHAM (North) J. DRUMMOND & SONS LTD., DALRYMPLE ST. GREENOCK (Scotland) 
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Cracking in Welded Joints of Austenitic 
Steel in C.E.G.B. Power Stations 


By F.E. Asbury, B. Mitchell, and L. H. Toft 


Difficulties encountered with welded joints in austenitic steel used for the main 
steam systems of Central Electricity Generating Board power stations are 


described. An 18% Cr-12% Ni-1% 


Nb steel was employed, and cracks 


occurred in the heat affected zones of the welds. 

Examination of cracked welds showed that the heat-affected zones were in a 
hardened condition. Tensile tests were carried out to investigate the causes of 
hardening, and it was found that the heat-affected zones would be strained and 
hardened by precipitation of niobium carbide with an associated fall in ductility, 


particularly at low rates of straining. 


lems that have arisen with weldments involving 

thick sections of 18°, Cr-12°% Ni-1% Nb steel 
operating at a steam pressure of 1500 Ib/sq.in. and a 
temperature of 566°C. (1050°F.), and to discuss some 
of the work which has been carried out by the C.E.G.B 
to solve these problems. 

The first part of the paper describes the history of 
the cracking in the Board’s power stations, and the 
second part describes some investigations of the 
metallurgical features of the cracking. 


Te PURPOSE of this paper is to describe the prob- 


HISTORY OF CRACKING 
Basis of Selection of Steel 


In pursuance of the policy of increasing the effic- 
iency of electricity generating plant, it was decided in 
1949 to construct a number of power stations to 
operate with steam conditions at the turbine stop 
valve of 1,500 Ib/sq.in. and 566°C. (1050°F.). For these 
conditions, it was considered necessary to use materials 


with better creep strength and oxidation resistance 
than the low-alloy ferritic steels which were being used 
in stations operating with steam temperatures up to 
510°C. (950°F.). A further factor influencing the 
desirability of using a more highly alloyed steel was 
that if further advances in steam temperatures and 
pressures beyond these values were to be achieved, 
such materials would certainly be required. 

Austenitic steels had been used successfully for 
pressure vessels operating at similar and higher 
temperatures in the Chemical and Petroleum Indus- 
tries, and the data available indicated that they had 
adequate high-temperature strength and corrosion 
resistance for the conditions envisaged. In addition 
there was a limited experience with these steels under 
similar operating conditions in power stations in the 
U.S.A. 
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It was decided to use an austenitic steel for the 
components that would operate at the highest tempera- 
tures, and the 18/12/1 steel was selected on the basis 
of its good high-temperature properties and corrosion 
resistance. 

An approximate composition of this steel is: 


c 0-10 

Si, % 0-50 8 ob 18-0 
a 0-03 Ni, ° 12-0 
P 0-03 Nb, % 1-0 


Mn, 1-50 


The components to be produced were: 


Secondary superheater tubes 

Superheater outlet headers 

Boiler stop valves and safety valves 

Steam strainer bodies 

Main steam piping 

Connecting pipes between turbine steam chests and high 
pressure cylinders 


Fabrication 


The initial fabrication of the base materials for all 
components was carried out by the conventional 
techniques of forging, extrusion, hollow drawing, and 
machining, and with the exception of the superheater 
headers they were supplied to the piping fabricators 
and boiler makers in the heat-treated condition 
(1050°-1100°C., A.C.). The superheater headers were 
also heat treated in this way and were solid bored and 
stress relieved at 800°C., followed by furnace cooling. 

Fabrication of actual components involved butt- 
welding of tubes and pipes in sizes ranging from 
approx. 2 in. o.d. x } in. thick to 10 in. o.d. x 1§ in. 
thick, and fillet welding of branches into headers and 
steam pipes up to I in. thick. Figure | shows a 
typical superheater header and the design of a typical 
welded joint. In a 60 MW generating unit approx. 
500 ft of main steam piping is used, involving 72 butt 
welds, about half the number being made in the 
factory, and the superheater header is about 30 ft long 
with 120 stub welds and 3 butt welds, together with a 
number of branch pipe welds. 

At the time of construction of these components, it 
was well known that weld deposits from fully austen- 
itic electrodes were prone to cracking, so to minimize 
this tendency ferrite controlled electrodes were used. In 
the steampipe butt welds unstabilized Mo-containing 
electrodes were preferred to Nb-stabilized electrodes 
because the weld metal obtained had better rupture 
ductility, and also because it was found easier to 
produce a sound weld with them. However it was con- 
sidered desirable to have a stabilized layer at the bore 
and outer surface of the weld deposit to avoid any risk 
of intergranular corrosion by the steam or lagging. 
Consequently Nb-stabilized electrodes were used for 
the root and capping runs. Niobium-stabilized elec- 
trodes were originally used for all the headers, but at 
a later date, during fabrication of headers for High 
Marnham, unstabilized Mo-containing electrodes 
were used. 

Some components were stress relieved after welding 
and others were not, for the need to stress relieve 
welded joints in austenitic components had not been 
established at that time 

Typical compositions of weld deposits from the 


electrodes used are given in Table I and brief details of 
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electrodes, heat treatment, and inspection methods 
are given in Table II. 


Service History 
Steam piping 

The first generating plant to be commissioned was a 
60 MW unit at Stourport B in July 1954 followed by 
four 60 MW units at Drakelow A during the period 
December 1954 to December 1955, and by four 
100 MW units at Willington A during the period 
December 1957 to July 1959. 

The first indication of any troubles came in Decem- 
ber 1955, when, during routine inspection, prior to the 
commissioning of Drakelow No. 4 unit, extensive 
cracks were found in two butt joints in the main steam 
line. A complete survey of all the austenitic main 
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lb—Section transverse to header of stub tube weld in final outlet 
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Table I 


Typical compositions of weld deposits for 18/12/1 steel compon- 


ents 





Analysis, % 
Mn Cr Ni Nb 
1-2 19-0 9-5 0-70 
1:0 18-5 8-5 0-95 
1-8 17-5 8-8 


Electrode C Si 

Type A 0-09 0-50 
TypeB 0-09 0-50 
TypeC 0-07 0-65 


Mo Cu 
1:8 


Ferrite 


5-8 
4-8 
4-8 


1:8 





steampipe joints in Stourport and Drakelow was sub- 
sequently carried out, using every available non- 
destructive testing technique, and 9 joints were found 
to be cracked. The cracks were all confined to the 
parent metal adjacent to the weld fusion zone. At 
about the same time information was received con- 
cerning similar troubles in butt-welded joints in main 
steam pipes in U.S.A. power stations, where an 
equivalent steel known as A.LS.I. type 347 had been 
used. 

At that time it was considered that, because type A 
weld deposits had higher yield strengths at elevated 
temperature than type C deposits, the capping of type 
1 weld metal on butt welds of type C weld metal might 
be responsible for the cracking. A further factor which 
was thought to be relevant was the existence of high 
thermal gradients in the pipe wall during welding and 
post-weld heat treatment, due to a current of air flow- 
ing through the inside of the pipes, particularly in 
vertical pipe runs. In the repairs that were carried out 
to defective joints, the type A weld metal capping was 
removed and all rewelding was done with type C 
electrodes. Inflated balloons were also inserted into 
open ends of the pipes to reduce the internal air flow, 
and the post-weld heat-treatment temperature was 
raised to 780°-800°C. These precautions were also 
embodied in the construction of the pipework for 
Willington A station. 
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Asa result of this experience a programme of annual 
inspection of steam-pipe joints was instituted, and 
further cracks have been revealed at each inspection. 
The cracks have all been in pipes with a wall thickness 
of about 1} in. with none in ? in. wall thickness pipes. 
In one case a crack penetrated to the bore of a pipe. 
The precautions taken during repairs to defective 
joints have reduced the incidence of cracking but have 
not completely eliminated it. 


Headers 

In July 1957 and again in 1958 leaks were discovered 
in the stub tube welds in the Stourport B2 super- 
heater outlet header during routine pressure testing. 
These were due to transverse cracks in a number of 
weld deposits. A complete survey was made of the 
welded joints on this header using dye penetrant 
techniques, and circumferential cracks were found near 
the weld-metal/header junction in 39 joints. A similar 
inspection was carried out on the superheater outlet 
headers at Drakelow A, and similar extensive cracking 
was revealed. 

Apart from the few original defects in the weld 
metal, all the cracks appeared to be located in the 
parent metal of the headers at the toes of the fillet 
welds. The survey was extended to the headers at 
Willington A and revealed similar defects although 
No. 2 unit had been in service for only about 20 hr 
and the maximum steam temperature attained during 
that period was only 521°C. (970° F.). Further examina- 
tion of smaller intermediate headers, which were being 
fabricated for High Marnham Power Station, using 
both type A and type C electrodes, revealed cracks at 
the stub tube welds after stress relieving at 750°C. but 
before the headers had been installed in a boiler. 

The headers of Drakelow A boilers No. 2 and 3 had 
been in service for the longest period of time, namely, 
24,000 hr. It will be noted from Table II that the 


Table Ul 


Details of fabrication and inspection of welded joints in thick 18/12/1 steel components 
In service in C.E.G.B. power stations at the end of 1959 





Type of 
Joint 


Butt welds 


Component Power Station 


Super-heater header Stourport B 2 
Drakelow A 1 
Drakelow A 2 
Stourport B 2 
Drakelow A 1 
Drakelow A 2 
Drakelow A 3 
Drakelow A 4 
Willington A 1-4 


Stub tube 


Butt welds 


Stub tube 
Butt and 
fillet 
Butt 


Boiler stop valves and Willington A 


steam strainer bodies 


Main steam piping Stourport B 2 


Drakelow A 1-4 


Main steam piping Willington A 1-4 


Connecting piping Stourport B 2 
Drakelow A 1-2 
Willington A 1, 2 and 4 


Post-weld Heat 
Treatment 


Weld Surface 
Condition 


Ground 


Inspection 
Method* 


V,G 


Electrode 
Type A None 


Type A None As-welded V 


750°C. 
(3 hr) slow cool 


Type A Ground 


Type A 
Type B 


. As-welded 

750°C. As-welded 

(3 hr) slow cool 
750°C. 

(3 hr) slow cool 


Type C Ground 

with root and 

capping runs 
in Type A 
Type C 780°-800°C. 

(3 hr) slow cool 


None 


Ground 


Type C Ground 





* V= Visual; DP= Dye penetrant; G= Gamma radiography 
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3—Crack from overlap in stub tube weld in header. Overlapped 
metal was severely work hardened 40 


header of boiler No. 3 had been given a post-weld 
heat treatment at 750°C. 

The headers at Drakelow and Willington were not 
accessible for repair in situ, and it was decided that 
they should be dismantled and repaired in the work- 
shop. As the repairs to main steam piping had not 
proved to be entirely successful, a new repair pro- 
cedure was evolved which entailed the removal of all 
cracks and excavation of all the original type A weld 
metal. The headers were then rebuilt using type C 
electrodes, and the welding procedure was controlled 
to minimize the heat input to each joint. On completion 
of welding all welds were dressed by rotary filing with 
a tungsten carbide cutter so as to remove any under- 
cut at the weld edges and to provide a generous radius 
at the toe of the fillet welds. This operation was also 
designed to provide a suitable surface for non- 
destructive testing by dye penetrants. Following 
examination of the fillet welds by dye penetrants and 
of the butt welds by both gamma radiography and dye 
penetrants, the complete headers were post-weld heat 
treated at 1050°C., followed by furnace cooling. The 
rate of heating between 500° and 1050°C. was as rapid 


as the furnace would permit. All welds were sub- 
sequently redressed to remove the oxide scale formed 
during heat treatment and they were finally re-exam- 
ined using dye penetrants. 

To the present time approx. 1,800 stub tube and 
branch welds on headers have been repaired using 
this procedure, and no significant defects have been 
found in the inspections carried out before and after 
heat treatment at 1050°C. The success of these repairs 
under service conditions has not yet been established, 
although examination of a number of welds on one 
header after approx. 2,000 hr service failed to reveal 
any defects. 


Boiler stop valves and strainer bodies 

The boiler stop valves and strainer bodies at 
Willington A were fabricated from pipe sections and 
forgings using type B electrodes, and certain welds 
were stress relieved at 750°C. In December 1958 an 
inspection of the welded joints showed that many of 
them were extensively cracked in the parent metal 
adjacent to the weld fusion zone, and a few of them in 
the actual weld metal. 


Non-Destructive Testing 


Some difficulty was experienced in detecting cracks 
in the austenitic steel components. Ultrasonic methods 
were unsuitable for examining stub tube welds in 
headers, because of their difficult geometry. Butt 
welds in steampipes were examined at the Central 
Electricity Research Laboratories by ultrasonics and 
difficulties were encountered owing to the high 
attenuation and the anomalous propagation of the 
beam. Radiographic methods were also unsuitable in 
many instances owing to the small size and varying 
orientation of the cracks, and the geometry of the 
components. Penetrant methods proved to be the 
most suitable, because all the cracks ran from the 
surface. It was necessary to dress the surface to be 
examined, and to allow a reasonable time for the 
penetrant to soak into the cracks. The surfaces had to 
be dressed carefully to avoid sealing the cracks with 
plastically deformed metal. Rotary filing or grinding 
were found to be the most suitable methods. 


INVESTIGATIONS OF HEAT-AFFECTED ZONE 
CRACKING IN 18/12/1, Cr-Ni-Nb STEEL 


Examination of Typical Cracked Components 


Failures investigated 

Three types of failure, occurring under different 
conditions or in different components, have been in- 
vestigated by examining sections of the cracked 
regions with the optical and electron microscopes and 
by micro- and macro-hardness tests. 


(a) Butt weld in main steampipe after 8,000 hr service 
The butt weld was made between horizontal steam- 
pipe lengths, 9-6 in. o.d. and 1-3 in. wall thickness. 
The root run was made with type A electrodes against 
a backing ring in the bore of the pipe. The body of the 
weld was made with runs of type C electrodes, and the 
weld was reinforced with runs of type A electrodes. 
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The weld was dressed and given a local heat treat- 
ment for 3 hr at 750°C. with radiant heat coils. A 
defect in the weld metal was discovered, and the heat 
treatment was repeated after the repair welding had 
been done. 

A thorough non-destructive examination was car- 
ried out when the pipe was put into service at Drake- 
low, and also 2-3 months later, and no defects were 
found. It is reasonable to assume therefore that the 
weld was not cracked when it went into service. After 
about 8,000 hr in service, carrying steam at 566°C. 
(1050°F.), a steam leak developed from a large crack 
in the heat-affected zone of the weld. The crack ran 
circumferentially for about 120° on the outside surface 
of the pipe, and for a short distance on the bore. 


(b) Headers after 20,000 hr service 

Four pieces of cracked stub tube welds were 
machined from the headers of boilers No. | and 2 at 
Drakelow A power station (see Table II). 


(c) Headers after post-weld heat treatment 

The intermediate superheater headers being fabri- 
cated for High Marnham Power Station were given a 
post weld heat treatment at 750°C. for 3 hr. The first 
headers for this station were welded with type A 
electrodes, but for the later ones type C electrodes 
were used. Two lengths of header, one welded with 
type C and the other with type A electrodes were 
made available for destructive examination. Before 
they were sectioned, alternate stub tube welds were 
dressed and examined with penetrants. There were 
many more indications of defects on the welds made 
with type A electrodes than on those made with 
type C. 


Features of the cracks 

The cracks had several common features. They 
nearly all started in the heat-affected zone of the weld, 
within 0-03 in. of the weld metal, and ran into the 
parent material. They occurred in pipe or header 
walls, 1}-14 in. thick, and appeared to have always 
started on the outside surface, probably because the 
stresses had the highest values there. The cracks were 


4—Crack in heat-affected zone of stub tube of header, showing 
central band of metallic iron 500 
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all intergranular, and the material had failed with 
little ductility. The crack systems were all oxidized to 
some extent. 

The crack in the steampipe appeared to have 
started near the reinforcing overlay of type A weld 
metal. There were subsidiary cracks parallel to the 
main one in this region, as would be expected, since 
there was no obvious notch or defect to localize crack 
initiation. Where the crack ran into the interior of the 
pipe wall it was parallel to the interface formed by the 
body of the weld with the parent metal, and 0-1 in. 
away from it. 

The cracks around the stub tube welds in the 
headers generally ran from the notch at the surface 
formed by the toe of the weld metal (Figs. 2 and 3), 
where in some cases an overlap or an undercut were 
present. The deepest crack in the header sections 
examined was found in one of the Drakelow headers. 
It was 0-25 in. deep, and would have had to propagate 
about twice this amount towards the hole machined 
for the stub tube if leakage of steam was to occur. 
Although deeper circumferential cracks of this type 
have been ground out during repair operations, none 
had caused a leakage of steam. 

The cracks in the Drakelow headers contained the 


, 


5— Surface fissures at junction of weld metal (right) with header 
(left) 5 


6—Surface cavity in header at toe of stub tube weld 
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most scale. In each of the cracked components a 
metallic phase, identified as a low-alloy ferrite, was 
present in some of the cracks (Fig. 4). 

Apart from the larger cracks, a variety of shallow 
intergranular surface cracks or cavities, often only one 
grain deep, were found near the weld-metal/parent- 
metal junctions on the headers (Figs. 5 and 6). Some 
of the larger cracks ran from cavities such as that 
shown in Fig. 6. A crack was also found in a type A 
weld deposit, running from an indentation probably 
caused by a chipping hammer (Fig. 7); this weld had 
been heat treated at 750°C 


Hardness of material around cracks 


The hardness surveys were made with a Vickers 
hardness testing machine, employing loads of 5 and 
} kg, and a Reichert micro-hardness tester employing 
a load of 100 g. 

The headers and the steampipe from Drakelow had 
a hardness of 170-180 D.P.N. remote from the weld, 
and that of the High Marnham headers was 190 
200 D.P.N. 

The hardest material in the steampipe was the heat- 
affected parent metal near the position where the crack 
appeared to have started. The hardness of this region 
was about 210 D.P.N. 

Much greater hardness values were obtained on the 
header stub tube welds. The parent material around 
the mouths of the cracks had a hardness of 230 
270 D.P.N., but the roots of the cracks were in 
material with the same hardness as the parent steel. 
The toe of the type A weld metal showed a very 
varying distribution of hardness from one section to 
another. In all sections, however, the hardness was 
greatest near the surface, where values up to 400 
D.P.N. were obtained. The microstructures indicated 
that much of this hardening was caused by cold work. 
There were numerous marks caused by chipping 
hammers on the surfaces of the weld metal deposits, 
particularly near the toe of the weld, header side, and 
these were clearly responsible for the high and variable 
hardness values. The surfaces of the headers away 
from the welds were also in a heavily work-hardened 
condition, probably because of machining. 

Remote from surfaces or cracking, the heat-affected 
zones were up to 30 points D.P.N. harder than the parent 
steel. These regions could not have been affected by me- 
chanical treatments, and the hardening must have been 
due to hot straining effects associated with welding and 
possibly stress relieving at 750°C., where this was done. 


Microstructures 


The High Marnham headers and the steampipe 
from Drakelow, which were produced by an extrusion 
and hot drawing process, both had a grain size of 
about ASTM No. 4; the Drakelow headers produced 
by solid forging and boring had a grain size of 
ASTM No. 6. The structures comprised a matrix 
of austenite grains containing massive eutectic 
niobium carbide particles, which are formed in the 
interdendritic regions of the original cast ingot 
structure, and a fine intragranular precipitate. This 
fine precipitate (Fig. 8) was most evident in the steam- 
pipe and the High Marnham headers. It was extracted 
on a replica, and was identified as niobium carbide by 
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{ppearance of grain boundary associated with heat-affected- 
zone cracks in header which had been in service at 566°C 
for about 20,000 hr in as-welded condition 2000 


electron diffraction on the electron microscope. For 
examination in the optical microscope, it was best 
revealed by electrolytic etching in 10°, HCI in methy- 
lated spirits. 

In the heat-affected band 
0-02 in. of the weld metal, the fine intragranular 
niobium carbide precipitate had been taken into 
solution, and it was necessary to heat treat the welds at 
1000°—-1050°C. to reprecipitate particles comparable 
in size with those observed in the remainder of the 
parent material. The grain size of material adjacent to 
the weld metal was not in general affected, but the 
cold worked surface layers were recrystallized. In the 
heat-affected zones of the steampipe and the High 
Marnham headers there were extensive grain boundary 
precipitates (Fig. 9), which were probably M,,C, 
type carbides precipitated during post weld heat 
treatment at 750°C. 

When sections from the Drakelow headers were 
etched electrolytically in 10°% HCI in methylated 
spirits, a specific grain-boundary etching effect was 
observed in material adjoining parts of the cracks near 
the weld metal. A light-coloured continuous zone with 
distinct boundaries could be seen at high magnifica- 
tions (x 1,000 or over); the typical appearance is 
shown in Fig. 10. Extraction replicas were examined 
under the electron microscope, and the etched zones 
were found to correspond to zones of fine particles 
(Fig. 11). These were identified by electron diffraction 
as being mainly the Cr-rich carbide of the M,,C, 
type. This fine precipitate was probably formed 
residual welding stresses were relaxed during service 
at 566°C. (1050°F.). Their presence therefore suggests 
that most of the cracking in these headers was propa- 
gated during service. 

Although the steampipe had been in service for 
about 8000 hr at 566°C. (1050°F.), only larger particles 
of chromium carbide were visible at the grain bound- 
aries near the centre of the crack (Fig. 12). Presumably, 
therefore, the post-weld heat treatment had precipi- 
tated most of the carbon in the grain-boundary 
regions in the heat-affected zone as chromium carbide. 

In two or three of the sections examined (for 


of metal within about 
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Extraction replica showing precipitated carbides (M,C, and 
NbC) at grain boundary associated with heat-affected-zone 
cracks in header 17,600 (including «2 enlargement in 
reproduction) 
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Microstructure of material near centre of crack in steampipe, 
showing precipitates at grain boundaries 206 


example that shown in Fig. 2, or in one case where an 
undercut was present), it was found that, at the 
surface, the crack was in the weld metal, but this 
feature appeared to be due to the presence of an 
unusual profile. In most of the sections the cracks 
were not in material in which the y-NbC eutectic had 
been melted (i.e., material heated above about 
1310°C.). 


Hot Tensile Behaviour of Parent Steel and Weld 
Metals 

Previous work 

The effect of rapid high-temperature solution treat- 
ments, similar to those encountered during welding, 
on the tensile behaviour of 18/12/1 steel, has been 
investigated by Nippes and his co-workers.': ? These 
workers concentrated their attention on the loss of 
ductility in the range of temperature from the melting 
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point down to about 1200°C. Their results showed 
that serious loss of ductility was incurred in material 
that had been heated to temperatures above the 
melting point of the y-NbC eutectic (about 1315°C.). 
It was clear from the examination of cracked com- 


ponents from C.E.G.B. power stations that, in most of 


the sections, the cracks were not in material in which 
the y-NbC eutectic had been melted. Therefore only 
small tears or cracks, possibly similar to some of those 
in Figs. 5 or 6, could have been produced in the manner 
proposed by Nippes. It is possible, however, that such 
tears played a large part in the initiation of cracking 
by another mechanism. 

The precipitation phenomena in this steel during 
creep tests or heat treatment in the absence of strain 
have been investigated by Kirkby and Truman,’ 
Bungardt and Lennartz,‘ and by Koch and his co- 
workers® among others. Niobium carbides were found 
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to precipitate within the grains during creep tests. 
The chromium carbide, M,,C,, was formed at the 
grain boundaries initially. At temperatures above 
600°C. the M,,C, transformed in time to niobium 
carbide and (up to 850 C.) sigma phase. 
Investigations of another austenitic steel containing 
niobium, G.18B, by Harris and Bailey® and later by 
other workers, showed that low ductility and harden- 
ing effects could be obtained in the temperature range 
600 
strain was significant in hot tensile tests, and later 


workers showed that a strain-assisted precipitation of 


niobium carbide occurred in this temperature range. 
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All available information therefore suggested that 
the behaviour of the 18/12/1 steel might be influenced 
by the precipitation of niobium carbide at similar 
temperatures. 


Scope of tests 

To throw light on the behaviour of the heat-affected 
zone and therefore on the mechanism of failure, it was 
decided to investigate the hot tensile behaviour of the 
parent steel and the weld deposits, in the temperature 
range 550°—1050°C., paying particular attention to the 
effect of the prior high-temperature solution of 
carbides, and to the effect of strain rate. The most 
important values to be determined in each test were 
the reduction in area at failure, and the proof stresses. 
The former is related to the maximum strain in the 
necked region of the test piece at failure, whilst the 
determination of the latter would give some indication 


a /"e BSF 
YX doth ends 


13—Hot tensile specimen used for B.W.R.A. 
tests. Weld-metal specimen machined 


solid 





Armex G.T. weld metal 
Nicrex CC. weld metal 
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15—Reduction in area of all-weld-metal test pieces in hot tensile 
fests 


of how uniformly the contraction strains of welding 
would be distributed. 


Effect of rapid high-temperature solution treatments on hot tensile 
properties 

This part of the work was carried out by the British 
Welding Research Association at their Abington 
Laboratories, under contract to the C.E.G.B. 

The tests were made on pieces machined from pads 
of weld metal (made from type C and type A elect- 
rodes), and from a 5-in. square forged billet of the 
18/12/1 steel. This steel was not in the fully softened 
condition and had a hardness value of 184 D.P.N. It 
had a grain size of ASTM No. 7, which was smaller 
than that of the headers. Some of the test pieces from 
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the billet were given rapid high-temperature heat 
treatments intended to simulate the heating effects of 
welding. Peak temperatures of 950°, 1150°, and 
1350°C. were used. A high-frequency heating rig, with 
provision for quenching specimens in argon, was 
adapted for this purpose. To avoid non-uniformity of 
heating due to the skin effect all the test pieces were 
tubular. The dimensions of the test pieces are shown in 
Fig. 13. 

Test pieces were then reheated and tensile tests were 
carried out in the range 550°—1050°C. at a strain rate 
of 0-5°%/min. 

It should be noted that the results of the tests on the 
all-weld-metal test pieces were not directly comparable 
with those from the tests on the parent material. 
Firstly, the material in the multi-run weld metal pads 
would have been strained by contraction stresses 
during the preparation of the pads; but the parent 
material was tested in the unstrained condition. 
Secondly, solid test pieces were prepared from the 
weld metal pads, and this may have influenced the 
values to some extent. 

The most interesting results were as follows: 


(1) The simulated weld cycle with a peak temperature of 
1350°C. lowered the ductility of the parent steel when tested 
above 650°C., and produced a minimum reduction in area of 
23°, for tests at 700°C. These results are shown in Fig. 14. 

(2) The reductions in area for the all-weld-metal test pieces are 
shown in Fig. 15; those made from type A electrodes frac- 
tured with low values above 750°C. 

(3) In tests carried out over a wide range of temperature, the 
0-5°% proof stress values of the parent steel were reduced by 
prior heating to 1350°C. (Fig. 16). 

(4) The 0-5°% proof stress values obtained from the type A weld 
deposit were appreciably higher than those given by the 
type C weld deposit (Fig. 16). 


Effect of strain rate on hot tensile properties 


This investigation was carried out at the Central 
Electricity Research Laboratories. 
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16—0-5° proof stress values obtained from hot tensile tests on 
parent steel and weld metals 
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Rolled bar was solution treated at 1230°C. and air 
cooled; this produced a grain size of ASTM No. 2. 
Tensile test pieces 0-460 in. dia. were then machined 
from the bar and tested at strain rates of 2°,/min 
approx., 0-7°%/min, and 0-97°%/min in the tempera- 
ture range 650°-950°C. The strain rate was held 
manually by observing the readings of an extenso- 
meter attached to the test piece. 

The tests were taken to failure, and it was found 
that reducing the strain rate at 750°C. reduced both 
the elongation and reduction in area at failure. The 
effect on the reduction in area was as follows: 

Strain rate 


“%, strain/min 
2 (approx.) 
0-7 


Red. in Area, 
18-7 
18-5 

0:07 13-5 (av. 2 tests) 

None of the fractured test pieces received less than 
5°, strain in the un-necked regions. This seemed to be 
rather greater than the amount of strain likely to be 
incurred in material around a weld. Therefore, to 
provide material for detailed examination, further test 
pieces were given 2°, strain at the slowest strain rate, 
0-07 °</min. These were then sectioned for examination. 

Hardness tests and examination with the optical 
microscope showed that a precipitation hardening 
process had occurred giving a maximum hardening 
effect between 750° and 850°C. The hardness results 
are shown in Table III. 


Table Ill 


Hardness after 2°, strain at a strain rate of 0-07°,/min 





Temperature of 
straining, °C. 


Unstrained 
650 


Hardness in Centre of 
Test piece, D.P.N. 


135 
148 
170 
169 
152 





It was also noted that intergranular cracks, a few 
thousandths of an inch deep, were produced in the 
surfaces of the test pieces strained at 750° and 850°C. 
They were filled with oxide and, in some, a bright 
metallic phase was present. Their appearance was 
similar to the cracks found in headers. Micro-hardness 
tests showed that the surfaces of the test pieces had 
been hardened to approximately the same depth as the 
cracks by machining. This surface hardening was not 
reduced by the heating in the tests at 750° or 850°C. 

The optical microscope disciosed an intragranular 
precipitate in test pieces strained at 850° and 950°C. It 
was more dense in the work-hardened surface zones, 
than in the interior of the test piece, and in these hard- 
ened zones there was no precipitate in regions adjacent 
to the grain boundaries (see Fig. 17). 


DISCUSSION 


As a result of the foregoing investigations, it is 
possible to obtain a general picture of the behaviour of 
the two principal types of weld, namely butt welds 
and stub tube welds, in headers and steampipes made 
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in 18/12/1 steel in service in C.E.G.B. power stations. 
A number of factors influencing the behaviour of these 
welds have come to light 

While the final welding run adjacent to the parent 
metal is being laid, the parent metal is heated rapidly 
to temperatures up to its melting point (the y-NbC 
eutectic melts at about 1315°C.), and carbides are 


Precipitation in hot tensile specimen after 2°, strain at 
850°C. and strain rate of 0-7°.,)min: (a) Centre; (b) 0-02 in. 
from surface; (c) 0°003-0-005 in. from surface 2000 
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taken into solution in a zone of parent material 0-02 in. 
wide next to the weld metal. The effects of cold work 
associated with the machined surface will also be 
removed in the heat-affected zone. 

The hot weld run then contracts as it cools, the 
contraction strain being of the order of 24°. It is 
possible that during the initial stages of pL 
hot tears are formed in the parent metal, which has 
been heated to near its melting point, owing to grain 
boundary liquation. During cooling, heat will flow 
from the weld metal into an appreciable band of the 
parent metal, and by the time the weld metal has 
cooled to a temperature of 700°-900°C., the first 
0-02 in. of the heat-affected zone will be at a similar 
temperature. The investigations of the hot tensile 
behaviour of the steel show that, as the parent metal 
adiacent to the weld deposit is strained at 700 
900°C., niobium carbide will precipitate and harden 
the material. The way in which the contraction strains 
are distributed in this temperature range will depend 
largely on the relative properties of the weld metal and 
the heat-affected zone, and on the profile of the weld. 
The notch at the toe of a Stub tube weld will concen- 
trate contraction strains in the heat-affected zone, and 
may account for the hardness values of 240—260 
D.P.N. found there. The 0-5°¢ proof stress values 
obtained in the tensile tests show that type C weld 
metal can be strained more readily than the type A 
metal. The strains occurring in the parent material 
during cooling through the range 700°-900°C. are 
probably lower therefore when type C electrodes are 
used. The proof stress values also show that, in the 


heat-affected zone, the nearer the parent material is to 


the weld metal the more readily it will be strained, 
even if the effect of temperature gradients is ignored. 
The distribution of strain between the parent metal and 
weld metal cannot be deduced from the results ob- 
tained. This is because, as already mentioned, the weld 
metal could not readily be obtained in a condition 
comparable with that of the parent material. As the 
weld run cools from 700°C. to room temperature, the 
strains will impart cold work-hardening to the weld 
metal and heat-affected zone, and residual tensile 
stresses will be left in the material. 

The fact that cracks were only found running from 
the final weld runs adjacent to the parent metal, to- 
gether with the evidence of chromium carbide precipi- 
tation around the cracks (suggesting relatively pro- 
longed straining at 750° or 566°C.) indicated that, 
although small hot tears may have been formed in the 
heat-affected zone at temperatures near the melting 
point, they were not propagated during cooling after 
welding. If hot tears were formed at the sub-surface 
runs they must have been fused away by subsequent 
runs. 

After welding, the surfaces of the welds were given 
various mechanical treatments. Pneumatic chipping 
hammers were used to remove slag from the stub 
tube welds on the headers, and this caused an irregular 
hardening of the toe of the weld metal and probably, 
in some cases, of the heat-affected zone of the parent 
material. The butt welds were mechanically dressed to 
improve the profile of the weld, and to assist the non- 
destructive examination. Grant and others’ have 
shown that cold work markedly reduces the ductility 
of the 18/12/1 steel in short-time stress-rupture tests 
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of 1-100 hr duration at 650°-750°C. The tensile tests 
carried out at C.E.R.L. demonstrated the suscepti- 
bility of a work-hardened surface to cracking after 
only 2°, strain under some conditions at 750 
850°C. The surface working therefore probably had a 
significant effect on the behaviour of the components 
during post-weld heat treatment or service. 

Before post-weld heat treatment or service the heat- 
affected zones of the components were in a strain- and 
precipitation-hardened condition and where no dres- 
sing was done small surface tears were probably 
present. These effects were more pronounced in the 
stub tube welds because the weld metal formed a 
notch where it met the header material. These welds 
were not dressed. 

During post-weld heat treatment at 750°C. the 


slowly occurring strains, arising from the relaxation of 


residual welding stresses and non-uniform heating-up 
of the components, propagated small cracks from 
notches in the heat-aflected zones (as for example, in 
the stub tube welds on the High Marnham headers), 
particularly where type A welding electrodes were 
used. The material in the heat-affected zone is strained 
for an appreciable time at a temperature at which 
hardening occurs owing to the strain-assisted precipita- 
tion of niobium carbide, and this treatment does not 
remove the hardening imparted during welding and 
weld dressing. The probable reason for the poor creep 
and tensile ductility of the strain- and precipitation- 
hardened steel at 550°-850°C. is that the hardening is 
confined to the grains and that the grain boundary 


regions remain in a soft condition. The precipitation of 


chromium carbide (M,,C,) at the grain boundaries 
may also have a significant influence. 

The header stub tube welds at Drakelow A boilers 
No. | and 2 had not been heat treated at 750°C. but 
had cracked in service. Christofiel® showed that the 
notch rupture strength of the heat-affected zone of a, 
restrained un-heat-treated weld in the 18/12/1 steel 
was well below that of the unaffected parent metal in 
tests of up to 3,000 hr duration at 593°C. The condi- 
tions of his tests appear to have been relevant to the 
cracking of these welds at Drakelow. The straining 
would have arisen from the gradual relaxation in 
service of residual welding stresses, and because of this 
the cracks propagated only a short distance. 

The stub tubes were not subject to appreciable 
bending in service and therefore cracks of this type 
would not propagate far after they had relieved most 
of the residual welding stress. This will apply whether 
the cracks are formed during service or post-weld 
heat-treatment. 

Because of their smoother profile the butt welds in 
the steampipes were not so susceptible to cracking, and 
did not crack when strained during the post-weld heat 
treatment at 750°C. However, a steampipe system is 
subject to external bending in service, and the cir- 
cumstantial evidence indicated that this must have 
been responsible for the extensively propagated cracks 
found in the steampipes. It should be noted that the 
butt welds joining end caps to the headers were 
similar to the joints in the steampipes but in no 
instance have they been found to be cracked, despite 
the fact that some of them were welded entirely with 
type A electrodes. 

From the available information, it appears that 
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1050°C. is the most suitable temperature for post- 
weld heat treatment. Niobium carbide precipitates in 
the heat-affected zone at this temperature, which is 
well above that at which appreciable hardening oc- 
curs, and it is unlikely that much chromium carbide is 
precipitated. Work hardening is completely removed,‘ 
and also of course residual welding stresses. Christoffel* 
has shown that heat treatment at this temperature 
restores the notch rupture strength of the heat-affected 
zone. Provided, therefore, that the welds do not con- 
tain cracks and are not cracked during heating to 
1050°C. they should behave satisfactorily in service. 
Cracking of the welds during heating can be reduced 
to a minimum by careful dressing to remove surface 
defects and to give a smooth profile. It is also desirable 
to heat the welded component as rapidly and as 
uniformly as possible through the temperature range 
600°-900°C. in which cracking is most likely to occur. 

Experience with the welding of the High Marnham 
headers and other components has shown that crack- 
ing may be reduced by using type C instead of type A 
electrodes. The reason for this appears to be that type 
C weld metal is more readily strained during cooling 
of the weld and subsequent post-weld heat treatment, 
and in consequence less strain occurs in the heat- 
affected zone of the parent material. More information 
is required on the relative amounts of strain occurring 
in the weld metal and parent metal during welding, 
post-weld heat treatment, and service. The ideal weld 
metal should have good ductility at all temperatures 
and be weaker than the parent metal under the con- 
ditions of welding and post-weld heat treatment. 
However, it should be as strong as the parent material 
under the conditions of service, particularly for the 
butt welds in a steampipe system, otherwise all the 
Strains in the system will be absorbed in the weld 
metal at the butt joints, giving rise to the possibility 
of creep-fatigue type failures. 


CONCLUSIONS and COMMENTS 


Practical experience with the 18% Cr-12% Ni 
1° Nb steel in C.E.G.B. power stations has shown 
that it is extremely susceptible to cracking in the 
vicinity of welded joints in thick sections. 

The cracks are confined to the heat-affected zone of 
the parent metal and appear to be associated with 
micro-structural changes brought about by solution 
of niobium carbides during welding, and strain- 
assisted precipitation of carbides during cooling from 
welding, during post-weld heat treatment, or during 
service at temperatures where creep will occur. 

Simulation of the effects of welding thermal cycles 
on the hot tensile behaviour of this steel has revealed 
that the welding creates a band of material adjacent to 
the weld metal in which any strains due to the con- 
traction of the weld deposit, thermal gradients, and 
operating stresses occurring in the temperature range 
550°-850°C., are localized. This zone has also been 
shown to be low in tensile ductility and liable to crack 
with very small amounts of strain. 

The cracks may be initiated during cooling from 
welding. They may also be initiated and propagated 
during post-weld heat treatment or service in the 
temperature range 550°-850°C. 
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Dressing the weld to remove any tears or stress 
raisers, followed by post-weld heat treatment at 
1050°C. appears to be a practical solution to the 
problem provided that this temperature can be at- 
tained rapidly enough. 

A further possible remedy which appears to be 
worth pursuing is the development of an electrode with 
a proof stress value at 550°-850°C. similar to, or 
preferably less than, that of the heat-affected zone, 
coupled with adequate ductility to accommodate 
strains imposed. The electrode should also have long- 
term creep-rupture properties comparable with those 
of the unaffected parent metal. 
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BOOK REVIEW 


G. HEeRDEN (ed.): “Schweiss- und Schneidtechnik” (Tech- 
nology of Welding and Cutting), 1960, VEB Carl Marhold 
Verlag, Halle (Saale), Germany, 883 pp. 


In the introduction to one of the chapters of this book 
the editor and part author defines technology as “the 
science of the laws governing technical operations and 
procedures of production. Its aim is the establishment of 
sound principles on which the production process can be 
based, with due consideration of the technical and economic 
implications, of the possibilities which the process offers 
and of the limitations imposed by the human element.” 

Technology covers, therefore, an immense field, and even 
in the limited part which concerns industrial welding and 
cutting processes a single author would hardly be able to 
cover its every aspect. 

Moreover, one may ask whether such complete coverage 
is needed and is economically practicable. Whilst the needs 
of students may be of a general nature covering funda- 
mentals without introducing too many details, research 
workers and engineers in industry may wish to study pro- 
cedures and calculations, to find constants and coefficients 
etc. in books specializing on particular aspects with which 
they have to deal. 

A single book, which aims at satisfying all the require- 
ments must be planned on a very large scale indeed and is 
best prepared by a group of authors drawn together from 
teachers, research men and engineers with industrial 
experience. 

This book consists of contributions from 18 authors, one 
of whom is also the editor of the complete work. It con- 
tains descriptive material which is useful to the student of 
engineering in general and of welding in particular as well 
as exhaustive tabular matter covering coefficients for use 
in calculations, material preparation data, recommended 
procedures and machine settings etc. which are suitable for 
immediate practical application. 


In the first 750 pages or so, a general survey of the 
processes and methods of welding and their application is 
given followed by a discussion of the metallurgical prob- 
lems concerning the welding of ferrous and non-ferrous 
metals, the processes and procedures suitable for welding 
these as well as plastic materials, and the plant and equip- 
ment available for various purposes. Chapters on the 
calculation, design and production of welded connections, 
their strength under static and dynamic loads are followed 
by chapters on the testing of welds and the control of weld 
quality in production. 

The second part comprising 70 pages deals with the 
various methods of cutting, the plant and equipment 
available, together with the technical and economic prob- 
lems arising from their application. 

In the third portion of the work covering some 20 pages 
safety regulations are reproduced, and the fourth part gives 
a short description of the work carried out internationally 
by the I.1.W. and the 1.8.0. followed by a list of German 
standards. 

As far as the bibliography is concerned, in most of the 
chapters German publications are quoted almost exclus- 
ively, and only the chapter on inert-gas shielded welding 
contains a large percentage of British and American 
references. 

In a book of such ambitious scope and size it is always 
possible for a reviewer to find omissions of matters which 
seem to him to be important or points to criticize. However, 
instead of doing this, the present reviewer would prefer to 
congratulate authors, editor and publisher on a most 
creditable achievement, and express the hope that teaching 
establishments, industrial organizations and individual 
engineers will demand a similar publication in the English 
language thus encouraging a publisher in this country to 
take the necessary steps for its preparation. 


F. KOENIGSBERGER 
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A Test on a Pitched Roof Portal Structure 


with Short Stanchions 


By T. M. Charlton, M.A., B.SC. (ENG.), A.M.I.MECH.E. 


A test to destruction was conducted on a pair of pitched roof portal 
frames with bolted joints at the eaves and apex. Its purpose was to 
study the application of the plastic theory to frames containing bolted 
joints, and to show that suitably designed joints are capable of devel- 
oping the full plastic behaviour of the component members. 


Introduction 


of full-scale tests carried out in connection with 
a comprehensive investigation into the behaviour 
and design of structures with rigid welded joints. 

The object of the test was to investigate the effect on 
the collapse load of gross distortion of the geometrical 
form of a structure prior to plastic collapse. Thus, the 
structure tested was of a form which, it was considered, 
would suffer significant distortion as plastic hinges 
formed. It was of the symmetrical pitched roof portal 
type, and the height to eaves was a small fraction of 
the span. It is, in fact, customary to assume that dis- 
tortion is negligible for the purpose of predicting col- 
lapse loads by the simple plastic theory, and while 
previous full-scale tests have supported this practice, 
it has been recognized that the validity of the assump- 
tion is influenced by the proportions or shape of a 
structure. 


Ts report is concerned with the tenth of a series 


General arrangement of test 

The test was carried out at the Abington Research 
Station of the British Welding Research Association. 
The arrangements for the test and the equipment for 
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loading the structure were generally similar to those 
used for previous full-scale tests.!.* 


Steel Structure and Loading Gear 


Main frames 


The details of the two main frames of the structure 
are shown in Fig. |. The tops of the stanchions were 
braced together at a distance of 12 ft. apart by 2} x 
24x} in. angle. At intermediate points along the 
rafters the frames were braced by R.S.J. purlins and 
the adjacent ridge purlins were strapped together at 
intervals of 2 ft. to form a strong ridge member. Cross 
bracing in the form of § in. dia. mild steel rod was 
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1—General arrangement of structure 
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-%q Steel plate 


Profile weld 


Typical joint detail 


3— Structure in the collapsed condition 


provided in the planes of the rafters and stanchions as 
shown in Fig. 4. 

The feet of the stanchions were profile welded to 
stiffened mild steei plates | in. thick, which were 
bolted with twelve } in. dia. bolts to heavy foundation 
beams clamped to a concrete slab (Figs. 6 and 7). The 
profile welds were of 4 in. leg at the flanges and } in. 
leg at the web of the R.S.J., corresponding to throat 
thicknesses of 0-35 in. and 0-18 in. respectively. 

The eaves and apex joints in the rafters were made 
by cutting the members to the specified angles and 
connecting them by profile welds to the faces of 3 in. 
thick mild steel plates, as shown in Fig. 2. The welds 
were of } in. leg at the flanges and } in. leg at the webs. 
All welds were made using class E.317 electrodes 
(6 s.w.g. and 8 s.w.g.) and an a.c. open circuit voltage 
of 80 V. 

Care was taken that there was no lamination of the 
| in. and 3 in. plates as cut. 

Control specimens of the R.S.J. were cut from the 
structure after the test. 


Erection 

The two main portals were completed in the hori- 
zontal position by site welding and were then hauled 
into the vertical position on the baseplates. After 
alignment had been checked the stanchion feet were 


4— General view of structure showing instrument stands ( frame *X° 


in foreground) 
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profile welded to the baseplates. The 2} in. x 2} in 
bracing angles at the tops of the stanchions were 
welded in position next and then the purlins were 
erected. Finally, the bracing rods were cut to length 
and welded in position. 


Loading gear 

Two equal concentrated vertical loads were applied 
to each rafter at purlin points one quarter of the rafter 
length from each end, (Fig. 3), by means of a loading 
platform and links, suspended from lugs welded to 


5—-Instrument stands showing verniers for measuring 
horizontal deflection of apices 
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purlins in the manner described previously.* Each 
platform and links weighed 5} cwt, and increments of 
dead load in the form of steel billets weighing approx. 
2 cwt each, and lengths of scrap caterpillar track, 
weighing approximately 60 lb each, were used. 1.cre- 
ments of load were weighed out carefully before the 
test. 


Instrumentation 


The horizontal deflections of the tops of the stan- 
chions and the apices of the frames were measured by 
vernier scales mounted on stands remote from the 
structure (Fig. 4). The arrangement of the stands and 
vernier scales for measuring the horizontal deflection 
of a stanchion top ard the apex of each frame is 
shown in Fig. 5. The vernier scale for the latter was 
clamped in a vertical position for ease of reading. The 
verniers were capable of measuring 0-01 in. and were 
attached to the structure by fine stranded wire (7 
0-008 in. dia. high tensile steel) tensioned by 10 Ib 
weights. The weights for the wires of the stanchion 
verniers were suspended over pulleys on the stands 
but those for the wires of the apex verniers had to be 
prevented from swinging by passing the wire through 
the groove of a screw-head arranged immediately 
below the vernier scale. 

The vertical deflections of the apices and loading 
points of the rafters were measured by observing 
suspended black Bakelite scales with white graduations 
in sy in. (Figs. 4, 6 and 7) through fixed theodolite 
telescopes. To avoid interference with the loading 
linkwork, the scales suspended from the rafters were 


6—End view of frame * X° after collapse 


PORTAL STRUCTURE 681 


suspended by means of arms, as shown in Figs. 6 and 
7, the arms being arranged vertically to eliminate, for 
practical purposes, errors caused by change of slope 
of the rafters. 

To observe lateral deflection of the apex of the 
structure, a Bakelite scale was fixed horizontally 
(Fig. 6) to a ridge purlin and sighted through a theodo- 
lite telescope. 

To give some indication of the onset of yield, the 
members of frame *X’ of the structure (foreground 
Fig. 4) were coated with plumbers’ resin at the tops 
and bottoms of the stanchions, at the ends of the 
rafters, at the apex, and at the points of application of 
the loads. 

No instruments were necessary for measuring the 
loads applied to the portals because the weights of all 
increments of load were determined before the test. 


Choice of Loads 


Since the object of the test was to investigate the 
effect of gross distortion and since the vertical loading 
on a structure of this kind would be severe in practice, 
it was decided to test with a system of vertical loading 
distributed over the rafters. Choice of the precise 
nature of the system was limited having regard to the 
equipment available. Finally, it was decided to apply 
equal concentrated loads to each rafter at points one 
quarter of their length from the ends, as being the best 
approximation to distributed loading that was pos- 
sible in the circumstances. For this system of loading 
the mode of collapse shown in Fig. 3 was predicted by 


7—End view of frame *Y’ after collapse 
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the simple plastic theory,* with plastic hinges at the 
feet of the stanchions and at the eaves and in the 
rafters at the load points nearest the apex. 


Description of Test 


The test lasted for six hours, the first increment of 
load applied to the structure being the weight of the 
platforms and links together with sufficient additional 
weight to bring the total load on each rafter to 0-5 ton. 
After the deflections had been read and recorded, the 
second increment of 0-5 ton on each platform was 
applied and the procedure was repeated, taking care 
to ensure even distribution of load on the platforms, 
until the load on each rafter was 2 tons (i.e., | ton at 
each load point). At this stage, signs of yield were 
observed in the resin at the tops of the stanchions 
(flanges) of frame ‘X’ although there were no notice- 
able departure from linearity of the load/deflection 
curves, which were being plotted as the test proceeded. 
It was, however, decided to reduce the magnitude of 
the increments to 0-25 ton so as to trace carefully the 
behaviour of the structure. Increments of this magni- 
tude were used until the load on each rafter was 3-5 
tons. By this time the load/deflection curves showed 
marked departure from linearity indicating that the 
formation of plastic hinges was in progress. Moreover, 
when the load was 2:75 tons, commencement of yield 
was observed, by cracking of resin, at the foot of the 
right-hand stanchion (Fig. 4) of frame *X’, and when 
the load was 3-25 tons yield was observed at the foot 
of the left-hand stanchion. 

Having regard to the amount of yielding which had 
taken place at the eaves and feet of the stanchions 
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8— Arrangement of control beam tests; (a) Central 
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when the load was 3-5 tons, it was decided to proceed 
in increments of 0-125 ton thereafter. When the load 
on each rafter was 3-875 tons a pause of one hour 
was allowed during which time no creep was observed. 

Evidence, in the form of cracks in resin, of the 
formation of plastic hinges in the rafters at the load 
points adjacent to the apex of frame ‘X’ was not 
apparent until the load was 4-5 tons, when yielding of 
the upper flanges of the left-hand rafter (Fig. 4) was 
observed. This was followed by similar behaviour of 
the right-hand rafter when the load was 5-0 tons. The 
structure appeared to have collapsed at a load of 
5-375 tons on each rafter. At this load the deflection 
of the frames of the structure due to the action of the 
plastic hinges was so great that the loading platforms 
grounded (Fig. 3). 

During the final stages of the test there was some 
lateral movement and deformation of purlins due to 
local buckling of the rafters in the neighbourhood of 
the plastic hinges (Figs. 6 and 7). 

Care was taken to see that both frames of the 
structure were loaded evenly and simultaneously and 
that the load was distributed uniformly on the plat- 
forms. Between increments sufficient time had to be 
allowed for instruments to be read and these intervals 
increased with the onset of yield because of the need 
to ensure that creep was negligible, i.e., less than 
0-005 in. per min, before taking readings. 


Control Tests 


Three control tests were carried out on beam speci- 
mens of the 5x 3 in. R.S.J. cut from undeformed por- 
tions of the rafters of the structure after the test: it 























[ 


ee epee es ee 
CENTRAL DEFLECTION. in 


9—Full-scale test no. 10. Control beam tests. Bending-moment 
deflection curves 
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was impossible to obtain suitable specimens from the 
stanchions. Specimens | and 2 were cut from frame 
*X’ and specimen 3 was cut from frame *Y’. The 
general arrangement of the control tests is shown in 
Fig. 8. The beams were 7 ft. long: No. | was tested 
under a central concentrated load and Nos. 2 and 3 
were tested under two point loading. The ends of the 
beams were supported through braced ‘L’ shaped 
brackets welded to their ends so as to distribute the 
shear over the end sections and to prevent instability 
of the compression flanges. The use of these brackets 
increased the effective span of each test beam from 
7 ft. to 7 ft. 6 in. Load measuring capsules were placed 
between the brackets and the beam of the testing 
machine so that the force applied at each end of a test 
beam could be measured. 

The tests were carried out in an Amsler 500-ton 
compression testing machine and dial gauges were 
used to measure the deflections. Dial gauges 2, 3, and 
4 (Fig. 8) enabled the deflection of a beam to be ob- 
tained and gauges | and 5 enabled movement of the 
supports to be found. The precise details of the equip- 
ment were similar to those described in an earlier 
report.°® 

In beams 2 and 3, tested under two point loading, 
the whole of the portion between the load points 
became completely plastic when the full plastic mo- 
ment M,, of the beam section was attained. The value 
of the bending moment on this portion of a beam, for 
which the deflections continued to increase without 
any increase occurring in the bending moment, was 
taken to be the full plastic moment of the section 
(Fig. 9). In beam 1, however, which was tested under 
a central concentrated load, the full plastic moment 
was developed at the section directly beneath the load 
only, and not simultaneously over a finite length of 
the beam as in the two point load test. Consequently, 
strain hardening of the material occurred before large 
deflections were obtained and the central bending 
moment had to be increased to increase the central 
deflection. In the strain-hardening range the moment 
deflection curve was almost linear and the full plastic 
moment was estimated by extrapolating 
this part of the curve backwards, in a 
linear manner, until it intersected the pro- 
jection of the linear elastic range of the 
curve as shown in Fig. 9. 

The properties of the 5x 3 in. R.S.J. obtained by 
the control tests were as follows: 


. 
». 


Max. Elastic 
Moment of 
Resistance (M), 
tons in, 


Flexural 
Rigidity 
(EI), 


fons/sq.in 


Full Plastic 
Moment 


Beam No (M,), tons in. 


. (Concentrated 


load) 1-73 « 10° 95-0 


90-0 


113-0 


(2 point load) 1:73 = 10° 106-0 


(2 point load) 1-73 « 10° 96-0 113-0 


Accordingly, the following values were accepted for 
the 5x 3 in. R.S.J.: 


a 


Results 


The horizontal deflection of the tops of the stan- 
chions and the apex of frame *X’ are shown graphi- 
cally in Fig. 10 and the vertical deflections of the raf- 
ters and apices are shown in Figs. 11-13. In Fig. 13, 
it will be noticed that there appear to be errors of 
observation of the deflection in the elastic range of the 
right-hand outer load point of frame ‘X’. The deflec- 
tions of corresponding points of frame ‘Y’ were 
otherwise practically identical to those of frame ‘X’. 

The pattern of yield in frame *X’ was as follows: 


2-00 tons on each rafter: yield at the tops of the stanchions. 

2:75 tons on each rafter: yield at the foot of the right-hand 
stanchion (Fig. 4). 

3:25 tons on each rafter: yield at the foot of the left-hand 
stanchion 

4-50 tons on each rafter: yield at the upper load point of the 
left-hand rafter. 

5-00 tons on each rafter: yield at the upper load point of the 
right-hand rafter. 


The test was discontinued when the loading plat- 
forms grounded. The load on each was 5-375 tons. No 
sign of persistent creep of deflections had been ob- 
served however, and it was noted that the load/deflec- 
tion curves had an almost linear rising characteristic 
in the post yield range. Accordingly, the theoretical 
collapse load was obtained by extrapolating this part 
of the curve backwards until it intersected the pro- 
jection of the linear elastic portion. On this basis the 
collapse load was 4-35 tons on each rafter. 

Distortion of the stanchions and rafters in the final 
stages of the test, due to local instability in the neigh- 
bourhood of plastic hinges, can be seen in Figs. 6 and 
7, which also show bending of the adjacent purlins. 


10— Horizontal deflections of frame 10X viewed from the *X° side 
of the structure 
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11—Vertical deflection of apex ( frame 10X) 


Discussion 


Elastic behaviour 

The deflections® of the frames within the elastic 
range have been calculated using the values of the 
flexural rigidities obtained from the control tests and 
assuming that the stanchion feet were encastré. The 
corresponding load/deflection curves are shown in 
Figs. 10-13 inclusive. The measured deflections are in 
good agreement with the calculated values, the dis- 
crepancies being almost certainly due to some slight 
lack of rigidity at the feet of the stanchions. Thus the 
feet of the left-hand stanchions were bolted to a heavy 
compound beam supported from the concrete slab 
over a span of 16 ft. whilst the feet of the right-hand 
stanchions were bolted to a pair of 10x 44 in. R.S.J’s 
clamped together and supported at close intervals 
from the concrete slab, as shown in Figs. 6 and 7. 


Plastic behaviour 

rhe theoretical collapse value of the system of load- 
ing applied to each frame of the structure, based on a 
full plastic moment of the 5x3 in. R.S.J. of 110-7 
tons in. and using the simple plastic theory, is 4-75 tons 
on each rafter. The estimated percentage reduction in 
this value due to the effect of geometrical distortion of 
the frames at collapse is 10-6°,,’ so that the corrected 
theoretical collapse load is 4-24 tons on each rafter. 
This value compares very well with the corrected 
collapse load of 4:35 tons obtained by extrapolating 
the load/deflection curves, by which means the effect 
of strain hardening is largely eliminated. It is impor- 
tant to remember, however, that the structure actually 
carried a load of 5-375 tons on each rafter and might 
have supported an even greater load had not the 
grounding of the loading platforms brought the test 
to an end. In fact, strain hardening at the plastic 
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12—Vertical deflection of inner load points (frame 10X) 
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hinges is most probably responsible for this behaviour 
of the frames and, from a practical standpoint, it was 
sufficient to mask the effect of gross distortion of the 
geometry of the frames. 


Conclusions 


Prediction of collapse load 

In spite of the effect of gross distortion of the geo- 
metry of the frames and lateral instability of members 
in the plastic range, the results of this test are, for 
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practical purposes, generally in accordance with the 
predictions of the simple plastic theory, owing to the 
effect of strain hardening at the plastic hinges in in- 
creasing the load-carrying capacity of the structure. 
When the collapse load is corrected for strain harden- 
ing, however, and taking into account the change of 
geometry of the frames, the results are in good agree- 
ment with the value predicted. 


Behaviour of joints 
None of the welded joints failed or distorted and 


the effectiveness of the profile welded-plate type of 


rigid joint was again verified. 


Deflection under working load 

In the particular system of loading chosen for this 
test, the working value would be 2-71 tons per rafter, 
on the basis of the collapse load of 4-75 tons predicted 
by the simple plastic theory and a load factor of 1-75. 
At the static working load, therefore, the frames 
would be substantially in the elastic range and their 
deflections, with rigid foundations, would not exceed 
the following values: 


Horizontal deflection of eaves 0-42 in. 
Vertical deflection of rafters at inner load points 0-90 in. 
Vertical deflection of rafters at outer load points 0-60 in. 
Vertical deflection of apex 0-84 in. 


Deflections of these magnitudes are not excessive 
for many structural applications and are in good 
agreement with the values predicted by conventional 
analysis. 
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BOOK REVIEWS 


“Schweisser Taschenbuch 1960-61", Central Institute for 
Welding, Halle (Saale), Germany, 139 pp. (pM.5) 


Originally started as a welder’s diary, the 1960-61 edi- 
tion has been considerably enlarged and appears for the 
first time under the title of ““Welder’s Handbook”. To 
make room for the extended technical information, the 
general section has been omitted and the actual calendars 
have been added as a loose appendix. 

Apart from a large number of useful tables, such as the 
chemical composition and physical properties of con- 
structional and high-tensile steels, aluminium and copper, 
permissible stresses in welded joints, chemical composition 
of filler materials and submerged-arc welding powders, the 
Handbook contains a number of interesting articles. Some 
of these are devoted to the problem of how welding can 
help to increase industrial production, others deal with 
automatic welding processes. Sixteen pages are given to the 
CO, welding process, describing the technique for down- 
hand, vertical upward and downward as well as overhead 
welding, well supported by a large number of illustrations. 
In the field of resistance welding an article on projection 
welding describes a number of interesting applications, 
specially the fixing of nuts and bosses. The last 20 pages of 
the book are devoted to processes akin to welding, such as 
hot spraying of plastic and bituminous materials, high- 
frequency welding of plastics and metal bonding. 

Finally, there is a most useful bibliography of some 140 
books and articles, nearly all of which refer to either East 
German or Russian publications. 

After looking through the Handbook one can well 
understand the claim made in the preface that readers want 
to retain the Handbook beyond the current years as a 
useful compendium on welding. 


H. O. WELLRICH 


W. BetrreripGe, “The Nimonic Alloys”: 
332 pp. (80s.) 


This book fills a long-felt need in providing most com- 
prehensive information on this modern range of alloys. 
The range of Nimonic alloys was started during the war in 
the production of components for use under high stresses 
and temperatures in aircraft jet engines. The author has 
been engaged in work on these materials both during and 
since the war, and has drawn not only from his own work, 
but also from that of his colleagues and others. The chapter 
of greatest probable interest to members of the Institute 
is Chapter XI on “Joining’’, contributed by J. Hinde, 
which deals not only with the various methods of welding 
used for joining Nimonic alloys, but also with high- 
temperature brazing alloys having melting points above 
1000°C. Argonarc welding is the method most favoured, 
and full details are given of the preparation of materials, 
use and design of jigs, analyses and gauges of filler wires. 
The recommended procedure is shown in detail, together 
with much useful practical information on producing good 
welds. The need for heat treatment of certain alloys after 
welding, together with the stress-rupture properties to be 
expected, are clearly shown in tables. Resistance welding 
methods are covered, giving recommended machine set- 
tings, and other suitable methods of welding are dealt with. 

The requirements of the user are covered by the fifteen 
chapters particularly in those on physical and mechanical 
properties at normal and elevated temperatures, corrosion- 
resistance, machining and applications. There is a compre- 
hensive bibliography, and indices. 


1959, Arnold, 


J. A. MCWILLIAM 
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NEWS 


and Announcements 





News of the Institute and Branches 


B.W.R.A. 
and Industry 


Welding for Shipbuilding 

The Institute invites its members to 
offer, before Ist December 1960, papers 
for the Symposium on Welding for 
Shipbuilding, which is being sponsored 
jointly by the Institute, the Royal Insti- 
tution of Naval Architects, the Institu- 
tion of Engineers and Shipbuilders in 
Scotland, and the North East Coast 
Institution of Engineers and Ship- 
builders. This is to be held in London in 
the week beginning 30th October 1961. 

The following are the subjects with 
which it is intended to deal: 

Structural design of welded hulls; 
building of welded ships, including ship- 
yard lay-out, the handling of materials, 
etc.; welded joints, including butts of 
thick plating; quality control. 


Russian Welding Mission 

The Institute held a reception on the 
evening of 6th October for the Russian 
Welding Mission which has been visit- 
ing this country at the invitation of the 
British Electrical and Allied Manu- 
facturers’ Association. In the absence of 
the President, Mr. H. West received the 
visitors, who were subsequently enter- 
tained to dinner at the Park Lane Hotel. 

The Russian visitors brought with them 
and showed at the reception a film of the 
Electro-Slag Welding Process, which had 
not previously been seen in this country. 

Among those present were members 
of the Institute team which recently 
visited Russia under the leadership of 
Mr. E. Seymour-Semper. They are to 
report on their experiences during the 
Autumn Meeting. 


NEWS OF MEMBERS 
Mr. D. A. F. Donald, Chairman and 
Managing Director of National Cash 
Register Co. Ltd., has been appointed 
Chairman of G. A. Harvey & Co. 
(London), Ltd. 


CONTRIBUTORS 
TO THE JOURNAL 


J. 1. Morley, A.Met. (Sheffield), 


Other Societies 


INSTITUTE ACTIVITIES 


F.I.M., is Chief Metallurgist and Special 
Director of Firth-Vickers Stainless Steels 
Ltd., Sheffield. 

He entered the Brown-Firth Research 
Laboratory on leaving school in 1933, 
and did spare-time study at Sheffield 
University, where he was awarded an 
Associateship of Metallurgy in 1937. 

In 1939 he was appointed Metallurgist 
to the wartime foundry of Thos. Firth 
and John Brown Ltd., producing 
aluminium and magnesium alloy cast- 
ings for aircraft. 

He rejoined the Research team at the 
Laboratories in 1945 under the direction 


of Dr. C. Sykes, F.R.S., and since 1947 
has concentrated on the study of stain- 
less and heat-resisting steels. He has 
written a number of papers, mainly on 
metallographic subjects, and on the 
development of new steels. 

His present appointment dates from 
1957. (Paper in October issue.) 


BRANCH NEWS 
Sessional Programmes 


21st Sept.—Visit to B.W.R.A. 

20th Oct.—* Fabrication of plastics” by 
D. Shorten (Ipswich) 

15th Dec.—**A look into modern welding 
processes” by A. A. Smith (Ipswich) 

21st March—*‘Pipeline welding” by R. 
Wright (Ipswich) 


i Cola aan Melalelela! 


21st Sept.—President’s Meeting “ Recent 
developments in resistance welding™ 
by R. H. Jordan 

19th Oct.—** Welding of pressure vessels 
for the chemical, petroleum and allied 
industries” by T. S. McNeish 

16th Nov.—Visit to British Oxygen 
Gases Ltd., Cricklewood 

14th Dec.—** Welding of transportatian 
pipelines” by R. J. Wright 

25th Jan.—‘ Practical aspects of CO, 
welding” by F. Collins 

22nd Feb.—Visit to Enfield Rolling 
Mills Ltd. 

Ist Mar.—Visit to Enfield Rolling Mills 
Ltd. 

22nd Mar.—‘*The design of resistance 
welding equipment for unusual applica- 
tions” by J. D. Morris and I. J. Jones 

26th April—Annual General Meeting 

27th April—Joint Annual Dinner 
(Quaglino’s Restaurant) 
Unless otherwise stated, all meetings 

at 54 Princes Gate, S.W.7, starting at 

7.30 p.m. 


Slough Section 

4th Oct.—‘Resistance welding as a 
production process” by C. A. Burton 

6th Dec.—‘“Argon welding process” by 
F. W. Copleston 

7th Feb.—‘Pipeline welding” 
Wright 

4th April—Electrical characteristics of 
welding plant™ by J. C. Needham 

27th April—Joint Annual Dinner 
(Quaglino’s Restaurant) 


by R. J. 


All meetings at the Lecture Room, 
Community Centre, Farnham Road, 
Slough, starting at 7.30 p.m. 


A note from the Chairman 

The programme of the 1960/61 
activitiés of the Branch is given below. 
My colleagues on the Committee and I 
look forward to meeting members 





personally on one or more of theevenings. 

The meetings involve a considerable 
amount of preparatory work which 
falls mainly on the Programme Secretary 
in making arrangements with the 
lecturers. The Secretary himself is also 
kept busy in the detailed arrangements 
which concern the holding of every 
meeting, and the Committee meets 
frequently to look after the affairs of the 
Branch. The primary object of any 
meeting is, of course, to provide an 
evening of interest to our members, and 
the individual and collective efforts of 
Committee members are to that end. 

It may be difficult to arrange the pro- 
ceedings of each meeting in such a way 
that every individual member of the 
Branch is going to be vitally interested 
in them all. Nevertheless, I hope that this 
year there will be some subjects of direct 
interest to each member and others suffi- 
ciently attractive to justify attendance. 

| would very much welcome a 
personal note from any S.L. Branch 
member, stating his views on the 1960/61 
programme. It would be difficult to re- 
arrange the programme now, but for 
future reference I shall be most interested 
in comments on the subjects chosen and 
also the suitability of the timing and 
venue of the meetings. 

A reminder of each meeting will be 
sent to each member in good time. Any- 
thing that can be done to publicise the 
meetings among colleagues or acquaint- 
ances will certainly be appreciated but, 
above all, | would like each individual 
member to come along and take part in 
as many of the meetings as possible. 

J. HiNDE 


Chairman's Address: 
metals” by J. 


12th Oct. 
“Welding dissimilar 
Hinde 

9th Nov.—** Welding in small ship con- 
struction” by R. Ducane 

14th Dec.—Joint meeting with North 
London Branch. “Welding of trans- 
portation pipelines” by R. J. Wright 

11th Jan.—**Low-alloy steel welding” by 
E. Freeth 

8th Feb.—‘The all-welded Maidenhead 
bridge” by Gilbert Roberts 

8th Mar.—*The testing, inspection and 
assessment of welds” by C. Atkinson 

12th April—Technical Film Meeting 
followed by A.G.M. 

27th April—Joint Annual Dinner 
(Quaglino’s Restaurant) 


All meetings are at 54 Princes Gate, 
S.W.7, starting at 7.30 p.m., unless 
otherwise stated. 


Branch Committees, 1960-61 
The following honorary officers and 
members of committees have been ap- 
pointed for the session 1960-61. 
Birmingham 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


K. H. Purpy 

N. H. JONES 

J. R. MERTHER 
S. N. OxBORROW 
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Committee 
J. E. ADLINGTON J. K. MORTIMER 
D. T. BARKS G. C. W. READ 
R. Levick W. D. WALLER 
D. R. MILNER M. RIDDIHOUGH 


Eastern Counties 
G. T. BLACK woop 
S. WRIGHT 
J. A. EDWARDS 
F. W. PRESTON 
Committee 
G. SAYER 
A. G. PHIPPS 
A. C. STOKES 
(ex officio) 
W. HEARSUM 


Chairman 

Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


S. PAYNE 
I. MCGREGOR 
J. STOKES 
W. DuNN 


East Midlands 
President 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Hon. Programme 
Secretary 


H. L. PALMER 
L. PADMORE 

K. HOUGHTON 
K. HOUGHTON 
F. W. HAIMes 


F. W. HaAIMeEs 
Committee 
W. HALFPENNY 
H. SMALES- 
CRESSWELI 
K. H. Ewen 
(ex officio) 


C. B. BROWN 
A. E. HARRISON 
C. E. Cops 

N. HILL 

B. STRATHON 


East of Scotland 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Hon. 

Correspondent 


J. F. WHEELDON 
R. M. YOUNG 
R. D. Berry 
J.C. ADAM 


A. MARSHALL 
Committee 
H. R. McKInstTry 


B. TIPTON 
P. G. STOKELD 


J. M. Topp 
J. COLVEN 
A. T. MILROY 


Indian 
President 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


Sir L. P. Misra 

R. GHOSH 

B. N. BANERJEE 

B. N. MAJUMDAR 

B..N. BHATTACH- 
ARJEE 


Committee 


S.S. MuKHEeRJEE S. K. PATHAK 

S. Basu V. VENKATESAN 

P. K. MALLICK J. A. MULIYIL 
P. C. CAVENER 


Leeds and District 


President 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Hon. Programme 
Secretary 


A. E. Rose 

E. Rose 

H. T. RICHARDSON 
M. W. PARKINSON 
A. TORDOFF 


H. R. HAMMERTON 


Committee 


C. BRAss G. DRYSDALE 
M. BIRKHEAD A. SILLS 
H. Moore P. H. TrmMaANn 


R. GARDENER (ex officio) 


Liverpool and District 
President 
Chairman 
Vice-Chairman 
Hon. Secretary H. R. Cox 
Hon. Treasurer D. G. JONES 


Committee 


A. W. PARSONS 
G. A. O. PRIDGEON 


J. W. Day 
E. GREENWOOD 
R. H. BOUGHTON 


J. W. Day 

E. F. JEFFERSON 

P. F. Growcoot 

E. A. FOREMAN J.T. NULTY 

R.G.McLacu- J. K. Warp 
LAN (ex officio) 


Manchester 
Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


E. H. Lee 

S. WILDE 

A. C. WHITE 

J. T. TACHEL 

Committee 

A. C. MANSELL 

D. STUART 

H. WATTON 

J. M. WHItworTH 
(ex officio) 


J. W. Appig 
C. D. Askew 
G. BAGLEY 
W.L. MclIvor 


North Eastern (Tees-side) 
Chairman M. E. Poo. 
Vice-Chairman J. W. JACKSON 
Hon. Secretary F. G. BATCHELOR 
Hon. Treasurer A. E. JONES 

Committee 

J. N. PARKIN 

R. MuRRAY 

S. WALKER 

P. BELLAMY 
(ex officio) 


T. BROWN 

J.C. HALL 

H. D. HArRpIe 
C. E. LANGFORD 


North Eastern (Tyneside) 


Vice-President N. M. HUNTER 
Chairman R. A. Exton 
Vice-Chairman R. LBISON 
Hon. Vice-Chair- J. A. DorRAT 
men J. A. M. PoLson 
D. G. SiInFiELD 
Hon. Secretary 
and Treasurer T.S. Nico. 
Committee 
J. A. Lucey 
W. R. MELLANBY 
C. STEPHENSON 
R. F. TyLecore 


A. W. BELL 
G. W. GREEN 
H. LANDER 


North London 


President 

Chairman 

Vice-Chairman 

Hon. Secretary 

Asst. Secretary and 
Correspondent . B. WHALLEY 

Hon. Treasurer S. P. BENNETT 

Programme Sec. F. COPLESTON 
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Committee 


F. BLACKMORE B. C, Lirrue 
R. A. BLockxsipGe H. J. Tyte 
F. E. DARLING E. N. GREGORY 


Preston and District 


W. Hari 

F. PILLING 
R. ROBINSON 
F. WESTALI 


Committee 


President 
Chairman 
Hon. Secretary 
Hon. Treasurer 


A. WoopworTH 
P. R. BuRGess 
E. JONES 
G. SANDERS 
F. J. BREEN 
(ex officio) 


J. WATKINSON 
G. WHITESIDE 
N. LEIGH 

H. ROBINSON 
C. L. Hopss 
R. BOARDMAN 


Sheffield and District 


A. ROBERT 
JENKINS 
S. B. Rippon 
H. A. MACNAB 
G. W. CRAGG 
W. NuTTAL! 


President 


Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Hon. Programme 
Secretary W.S. ACASTER 


Committze 


J. A. McWitiam J. S. WARING 
G. W. Bower J. G. Nose 
W. J. COLTON A. BrewirT! 


Southern Counties 


C. B. Powe. 

C. E. T. MULLINS 
J. H. GIccesprr 
G. GILES 


Chairman 
Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 
Committee 


J. R. P. Beprorp 

BLANCHARD R. L. PATERSON 
J.R. C. GouGu R. A. HAYTER 
E. R. THOMAS H. G. STREET 


G. W. 


South London 


J. HInDE 

G. M. Boyp 

J. P. Moore 

E. B. G. Tre- 
HEARNE 


Chairman 

Vice-Chairman 
Hon. Secretary 
Hon. Treasurer 


Hon. Programme 
Secretary D. SLATER 
Committee 


N. T. BuRGESS H. B. MERRIMAN 
R.G. Harrison’ A. E. SweTNAM 
A. G. MANKTE- R. C. THOMSON 
LOW P. J. E. HEATH 
(ex officio) 


South London (Medway Section) 


Chairman L. A. LipsTone 

Hon. Secretary P. MURRELI 

Hon. Treasurer A. O. BARWELI 
Committee 

R. L. GAUGHAN 

F. RICHARDSON 


R. CHAPPELLS 
D. W. DEIGHTON 


South Wales 
President 
Vice-President 
Chairman 
Vice-Chairman 
Hon. Secretary 
Asst. Secretary R. E. PHILLIPps 
Hon. Treasurer S. F. WooLway 
Publicity Secretary L. Morse 


Committee (East Wales) 


I. B. Forp B. B. GAYDON 
E. C. COOMBES A. W. STONES 
G. E. Bees 


Committee (West Wales) 


L. Morse R. H. Epwarps 
J. E. Cork J. HIXSON 
H. T. JACKLIN S. WALKER 


B. B. GAYDON 
A. W. STONES 
D. B. WILSON 
C. V. Lewis 
G. BERRIDGE 


South Western 


President A. J. FRANCIS 

Chairman T. M. B. Sessions 

Vice-Chairman C. L. M. Correr- 
ELL 

G. W. RicBy 

E. M. WILSON 

W. McDoweL! 


Committee 


G. R. THOMAS 
J.S. R. JONes 


Hon. Secretary 
Asst. Secretary 
Hon. Treasurer 


A. E. Huss 
K. FENNELI 


West of Scotland 


Chairman J. E. RoBerts 
Vice-Chairman R. WALKER 
Hon. Secretary H. H. MAckin- 


and Treasurer TOSH 
Committee 
M. D. JACKSON 
C. C. MACFARLAN 
D. B. KIMBER 
{ex officio) 


R. R. Burt 
A. P. GAULT 
A. MILLER 
T. NELLIS 


Wolverhampton 


E. J. MITCHELI 
J. ASKIN 


Chairman 
Vice-Chairman 
Hon. Secretary J. W. GETHIN 
Hon. Treasurer E. J. MITCHELI 
Publicity Secretary B. K. BARBER 
Committee 


E. SMITH 

C. TAYLOR 

H. E. WHEELER 

S. K. STOKES 
(ex officio) 


INTERNATIONAL INSTITUTE 
OF WELDING 

As previously reported (B.W.J., Aug., 
p. 536) five lectures on the subject of 
“The Welding of Very Thick Materials” 
were delivered on the occasion of the 1960 
Annual Assembly of the IT W at Liége. 

The texts of these papers have been 
published, either in English or in 
French, in Revue Belge de la Soudure, 
1960, No. 2. Copies of this issue may be 
obtained from the Institut Belge de la 
Soudure, 21 rue des Drapiers, Bruxelles 
5, price 200 Belgian francs. 


T. H. ASTON 
J. S. ALLEN 

A. CLEMENTS 
E. FLINTHAM 


The titles and authors of the five 
lectures are as follows: 
1—**Quelques aspects métallurgiques du 

soudage des fortes épaisseurs en 

acier’’, by J. Sebille. 

2—*The welding of heavy aluminium” 
by Willis G. Groth. 

3—*Quelques applications industrielles 
du soudage des fortes épaisseurs” by 

A. Luthy. 
4—“Heavy plate welding in the power 

industry” by H. Harris. 
5—*“Electroslag welding is the most 

progressive and most efficient method 
of joining thick metals’ by Prof 

B. E. Paton. 

Similarly, the texts of the papers and 
of the summaries of the rapporteurs 
presented at the three colloquia, organ- 
ized at Li¢ége by Commissions | (“Gas 
Welding and Allied Processes”), V 
(“Testing, Measurement and Control of 
Welds”’) and X (“Residual Stresses and 
Stress Relieving”) may be obtained 
from the Institut Belge de la Soudure, 
the price of each document being 70 
Belgian francs. 

The titles of the various papers, which 
are in English or French, are as follows: 


Commission I—Metal Spraying 

1—*Problémes d‘instruction en métal- 
lisation’”’ by A. Hedde and L. Zam- 
beaux, Paris (French). 

2—*Studies on the Flame-Spraying of 
Aluminium oxide” by Dwight G. 
Moore, U.S.A. (English). 
3—**High-Temperature Corrosion Pro- 
tection with Spray-Metallized Coat- 
ings” by H.S. Miller, U.S.A.(English). 

4—*Utilisation d’un vernis plastique 
comme base d’accorchage” by N. 
Aubry, Belgium (French). 

5—“The economics of metal spraying 
as applied to deep sea trawlers and 
other small craft’ by A. Richard, 
U.K. (English). 

6—“Some thoughts on the Economic 
Aspect of Metal Spraying” by W. E. 
Ballard, U.K. (English). 
7—“Conception et organisation en 
Suisse de cours de métallisation au 
pistolet” by C. G. Keel, Switzerland 
(French). 

8—‘*Normes, Recommandations et 
Specifications relatives 4 la métal- 
lisation au pistolet” by Z. Kowalski, 
Poland (French). 

9—Expériences faites avec le zingage 
au pistolet pour proteger de la cor- 
rosion les usines hydroélectriques”” by 
Dr. J. Friedli, Switzerland (French). 

10—*La formation et qualification pro- 
fessionnelle des métalliseurs” by P. 
Stular, Yugoslavia (French). 

11—**Metal Spraying in the Protection 
of Iron and Steel” by T. P. Hoar, 
U.K. (English). 

12—“‘Connaissances nouvelles sur la 
projection de metal au chalumeau et 
a l’'are électrique” by H. D. Steffens, 
Germany (French). 





13—‘‘Metal oxide Flame-Spraying for 
High Temperature and other Applica- 
tions” by A. N. Norman and W. W. 
Maxwell, U.S.A. (English). 

14—**Recent Advances in Arc-Plasma 
Metallizing” by M. A. Levinstein, 
U.S.A. (English). 

15—‘*Rapport general” by Prof. G. A. 
Herpol, Belgium (French). 

16—‘*General Report” by Prof. G. A. 
Herpol (English). 


Commission V—The 
Testing of 
(Plastics) 

1—**Testing of welded joints in plastics” 
by L. Benker, Germany (English). 

2—“Rapport général introductif” by 
Prof. G. A. Homes and J. C. Bauwens 
Belgium (French). 


Inspection and 
Resinous Materials 


The Influence of Res- 
Stability of 
and Structural 


Commission X 
idual Stresses on the 
Welded Structures 
Members 

“The Influence of Residual Stresses 
on Instability Problems” by H. 
Kihara and Y. Fujita, Japan (English). 

“Influence sur la charge critique de 
flambement de colonnes en double 
TE, des tensions résiduelles intro- 
duites par des cordons de soudure 
déposés sur les bords des semelles” 
by H. Louis, Ch. Massonnet and P. 
Guiaux, P. Hallet, G. Kayser, Bel- 
gium (French). 

“Action des contraintes résiduelles 
crées par le soudage sur la resistance 
générale et locale des éléments de 
constructions soudées” by Prof. N. O. 
Okerblom, U.S.S.R. (French). 

“The Effect of Residual Stresses on 
the Behaviour of Continuous Struc- 
tures’ by M. R. Horne, U.K. (Eng- 
lish). 

“Residual Stress and the Instability 
of Axially Loaded Columns” by L. 
Tall, A. W. Huber, L. S. Beedie, 
U.S.A. (English). 

6—**Rapport général” by H. Louis and 
Ch. Massonnet, Belgium (French). 

“General Report” by H. Louis and 
Ch. Massonnet (English). 


1961 Annual Assembly 


The 1961 Annual Assembly of the 
1.1.W. will be held from | 1th to 19th April 
1961 in the City of New York on the invi- 
tation of the American Welding Society. 

No public session will be included in 
the programme, and no group industrial 
tours will be scheduled following the 
assembly, though visits to particular 
plants will be arranged and delegates 
will be assisted in planning additional in- 
dustrial and scientific visits. In addition 
to the usual programme of Commission 
meetings, two educational lectures and 
the Adams Lecture will be given by I.1.W. 
representatives, and receptions and other 
special events will be planned for those 
attending the Assembly. 


NEWS AND ANNOUNCEMENTS 


NEWS FROM INDUSTRY 


Stress relieving of bridge girders 

Plate girders for the new Runcorn- 
Widnes road bridge, 80 ft long» 6 ft 
high, and weighing 14 tons, were 
fabricated in two halves by the Fairfield 
Shipbuilding and Engineering Co. Ltd. 
so as to ease fabrication problems. 

The welding together of the two halves 
before delivery to site was controlled by 
very strict specifications, including 
stress-relief heat-treatment. This com- 
prised heating to 650°C. at a rate not 
more than 150°/hr, soaking for a period 
appropriate to | hr per inch thickness of 
the heaviest part, cooling to 350°C. at 
not more than 100°/hr, and natural 
cooling to ambient temperature. Since 
no sufficiently large conventional furn- 
aces were available the stress-relief 


Lagging the upper face of a girder 


treatment was carried out by means of 
flexible thermal mats supplied by 
Electrothermal Engineering Ltd. When 
linked these mats can provide a surface 
temperature of 1000°C. The actual 
density employed was under 25 W/sq.in. 

Power was supplied from four weld- 
ing transformers rated at 300/350 amp. 
Four-inch thick slab-type thermal insul- 
ation was used for lagging. Temperature 
control was by thermocouples connected 
to temperature recorders so that the 
operator could adjust the current-volt- 
age controls as required. 

Careful placing and connecting of the 
mats was needed, together with close 
control of power consumption through- 
out the cycle. For instance, it was found 
that heat rising from the lower parts of 
the vertical flanges of the girders (which 
were placed on their sides during treat- 
ment) tended to increase the rate of 
heating in the upper portions. This effect 
was kept under control by suitable 
switching-out of the upper circuits until 
uniform temperatures were reached. 

Experience with this contract seems 
to indicate that properly designed and 
closely controlled arrangements of flex- 
ible thermal blankets or mats can 
provide exact requirements for almost 
ail forms of stress-relief treatment on 
fabrications too large or too complex 
for conventional furnace treatment. 
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NEW PLANT AND EQUIPMENT 


Electrode for sheet metal 


A recent addition to the Ruby range 
of Cooper and Turner’s Diadem elec- 
trodes is a 14 g solid extruded, rutile 
based electrode, suitable for a.c. opera- 
tion with a minimum o.c, voltage of 
45 V. The electrode is all-positional and 
can be used on mild steel sheet with an 
open-are or contact welding technique 
with a minimum of spatter. 


Welding Data and Instruction Charts 


The first in a new series of quick 
reference welding charts has been 
published by the Suffolk Iron Foundry 
(1920) Ltd. 

Listed against the more commonly 
used commercial metals are details of 
weld preparation, melting point, filler 
rods, fluxes, flame settings, weld tech- 
niques, and other factors that influence 
good gas welding practice. Copies of 
the chart, price ls. 6d., can be obtained 
from the Company at Stowmarket, 
Suffolk. 


New silver solder 


A new quaternary silver solder, 
known as Silver Solder No. 38, is being 
marketed by Suffolk Iron Foundry 
(1920) Ltd. It is a mixture of silver, 
copper, zinc and cadmium, and has a 
low melting range of 620°-640°C, 


Pipe bender for site work 

A lightweight two-stage hydraulic 
tube and pipe bending machine, special- 
ly designed for site use in oil fields and 
construction projects, has been added 


to the range of “Staffa” equipment 
Sr by Chamberlain Industries 
Ltd. 

The “Field” bender, as it is called, is 
supplied in two sizes to suit pipe bores 
of 2-4 in. and 4-8 in. Up to 4 in. bore 
pipes may be bent through 90° in one 
operation without heating or filling. 

The hinged swing arms allow the 
machine to be folded into a compact 
portable unit. 


Cover illustration 
Stress-relief heat-treatment of centre joint in 
Widnes-Runcorn bridge girder 
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Moisture removal from acetylene gas 


The Weldcraft ‘gas fluxer’ has so far 
been used only with dissolved acetylene 
supplies, for generated acetylene gas 
always contains some moisture, which 
would cause the flux to precipitate in the 
gas fluxer. 

The Company have now produced a 
*‘Dehydrator’ which overcomes _ this 
difficulty and allows the flux unit to be 
used on both forms of gas supply 

The new unit is filled with silica gel 
crystals, which can be replaced or 
regenerated as required. 


Non-electric suction cleaner 

Exhall Grinding & Engineering Co. 
Ltd. have recently introduced a new 
light-weight non-electric industrial vac- 
uum cleaner, the “Air-o-Flow”. 

Unlike ordinary vacuum cleaners, it 
has no moving parts, can be operated 
from any 80 Ib./sq.in. air line, and will 
remove from normally inaccessible 
places any industrial ‘dirt’, such as nuts 
and bolts, swarf, broken glass, fluids, 
dirt, chippings, etc. Its total weight is 
144 Ib., overall height 234 in., and it is 
manoeuvrable in confined spaces. 

The cost of the “Air-o-Flow” is 
about one third the price of conventional 
industrial cleaners. 


Pneumatic chipping and scaling hammer 

A new chipping and scaling hammer, 
known as the CP-455-—L has been intro- 
duced by the Consolidated Pneumatic 
Tool Co. Ltd. It has been designed as a 
lightweight powerful weld slag chipping 
tool, but is also suitable for chipping 
stone, metal, concrete and for carving 
wood. Clearance of chippings from the 
workpiece is accomplished by a jet of 
high velocity air which may be directed 
downwards, thus enabling the chisel 
point to be kept clear. 

The piston delivers 4200 blows per min- 
ute at a pressure of 90 Ib/sq.in. Accurate 
control of the speed and power of the 
hammer, is given by a lever-type throttle 

The net weight of the tool is 44 Ib, 
and the overall length is 104 in. The size 
of the air inlet thread is } in. 


STUB ENDS 

p»Mr. W. E. Duckworth, M.A.(Can- 
tab), A.I.M., has been appointed Head 
of the Metallurgy (General) Division of 
the British Iron and Steel Research 
Association. 

p> Barford (Agricultural) Ltd. has chan- 
ged its name to Barfords of Belton Ltd. 
p> ‘Decorative Cast Ironwork in Great 
Britain” by Raymond Lister, an Asso- 
ciate of the Institute of Welding, has 
recently been published by G. Bell & 
Sons, London. 


pThe Central Electricity Generating 
Board have placed a contract for the 
building of a nuclear power station at 
Dungeness, Kent, with The Nuclear 


Power Group. The station, which will 
have an output capacity of 550,000 kW 
(740,000 h.p.) is scheduled to come into 
operation in 1964. 


P Lt. Col. G. W. Kirkland, M.B.£., has 
been elected President of the Institution 
of Structural Engineers for the session 
1960/61. 


General Sir Geoffrey Bourne, k.c.B., 
K.B.E., C.M.G., has been appointed 
Director-General of the Aluminium 
Development Association, in succession 
to Air Commodore W. Helmore, C.B.E., 
who recently retired after fourteen years 
as Director-General of the Association. 


PA new exhibition, the Construction 
Equipment Exhibition, is to be launched 
on a 25 acre site at the Crystal Palace in 
June 1961. 

p Optoshield Ltd. (incorporating Flem- 
ing Safety Equipment) have been ap- 
pointed sole distributors in the U.K. for 
Ampco spark-resistant tools. The range 
of Monel tools is recommended for use 
in the presence of chemicals, such as 
acetylene and other liquid gases, that 
attack high copper-base alloys. 

p> Murex Review, July 1960, contains an 
article by W. A. Morgan on “The Effect 
of Molten Metals on Stressed Solid 
Metals”. There have been many reports 
of service failures as a result of soldering 
or brazing on stressed materials, and the 
author reviews the results of investiga- 
tions on this problem and the allied 
problem of season cracking. 


DIARY 


Ist-3rd Nov.—lInstitute of Welding 
Autumn Meeting. “The metallurgy of 
welding and brazing™ (54 Princes 
Gate, S.W.7) 


2nd Nov.—Manchester—*A survey of 
fusion welding developments” by A. A. 
Smith (Reynolds Hall, College of 
Science and Technology, Manchester, 
7.15 p.m.) 
South London (Medway)—Demon- 
stration—Electro-slag Welding (Bur- 
nett & Rolfe Ltd., The Esplanade, 
Rochester, 7.30 p.m.) 


3rd Nov.—N.E. Tyneside “Some 
aspects of CO, welding” by F. Collins 
and G. Blackhurst (Mining Institute, 
Newcastle upon Tyne, 7.0 p.m.) 

7th Nov.—Sheffield—“*Welding for the 
construction of weldments for low- 
temperature service” by R. E. Lismer 
(Grand Hotel, Sheffield, 7.0 p.m.) 

9th Nov.—Preston—‘“Economics of 
machine tool purchase” by J. Borsay 
(Harris Technical College, Preston, 
7.15 p.m.) 
South London—‘“Welding in small 
ship construction” by R. Ducane (54 
Princes Gate, S.W.7, 7.30 p.m.) 

10th Nov.—Liverpoo!—“Weld  radio- 
graphy” by Dr. L. Mullins (Liverpool 
Central Library, 7.15 p.m.) 


11th Nov. — Birmingham — * Resistance 
welding as a production process” by 
C. A. Burton (Grand Hotel, Birming- 
ham, 7.30 p.m.) 


13th-18th Nov.—2nd Engineering Mat- 
erials and Design Exhibition (Earls 
Court, Hall D) 


14th-17th Nov.—School of Welding 
Technology—Course D29, Welding 
Course for Supervisory Staff 

15th Nov.—East Midlands—* Pipeline 
welding” by R. J. Wright (Derby) 
West of Scotland—* Universal beams 
—after two years” by A. W. Turner. 
Joint meeting with the Institute of 
Structural Engineers. (Institution of 
Engineers and Shipbuilders, 39 Elm- 
bank Crescent, Glasgow C.2, 7.0 p.m.) 


16th Nov.—East of Scotland—Films 
(25 Charlotte Square, Edinburgh, 
7.30 p.m.) 
Leeds—*“Practical welding of large 
fabrications” by C. Spencer (Hotel 
Metropole, Leeds, 7.30 p.m.) 
Wolverhampton—“Weld inspection” 
by A. H. Goodger (Wulfrunians’ 
Club, 7.30 p.m.) 
North London— Visit to British Oxygen 
Gases Ltd. 

17th Nov.—Southern Counties—*Pipe- 
line welding” by R. J. Wright (Tech- 
nical College, Southampton) 

23rd Nov. —N.E. Tees-side — “Some 
notes on shipyard re-organization” by 
R. Ibeson. Joint with N.E. Coast Inst. 
Eng. and Shipbuilders. (Cleveland 
Scientific and Technical Institution, 
Middlesbrough, 7.30 p.m.) 

28th Nov.—2nd Dec.—School of Weld- 
ing Technology Course D3/2, 
Welded Design and Construction in 
General and Mechanical Engineering. 

29th Nov.—2nd Dec.—Corrosion and 
Metal Finishing Exhibition (Olympia) 

29th Nov.—Leeds—**Fundamental weld- 
ing” by H. T. Richardson (Wakefield 
Junior Library, 7.30 p.m.) 

30th Nov.—2nd Dec.—lIron and Steel 
Institute—Symposium on “Steels for 
reactor pressure circuits’ (Hoare 
Memorial Hall, Church House, West- 
minster) 


Ist Dec.— Birmingham—Annua! Dinner 
(Grand Hotel, Birmingham) 
N.E. Tyneside—*Electro-slag process” 
by D. J. W. Boag (Mining Institute, 
Newcastle upon Tyne, 7.0 p.m.) 

3rd Dec. N.E. Tyneside Branch 
Dinner 

Sth Dec.—Preston—*‘Pipeline welding” 
by R. J. Wright (Lancaster Technical 
College, 7.15 p.m.) 

South Western — Welding Forum 
(Radiant House, Bristol, 7.15 p.m.) 
7th Dec.—Institute of Welding—Open 

Meeting of Technical Committee on 
Standardization and Future Trends 
in Welding and Allied Processes (54 

Princes Gate, S.W.7) 








REVOLUTIONS FOR BARGES 
ROSS designed and made 


Rotating barges up to 70 ft. in length and weighing 9 tons is a 
simple matter in the Ross manipulating equipment recently in- 
stalled in the workshops of British Waterways at Bilston. This 
equipment was specially designed to rotate barges into any position 
for inspection and maintenance purposes in a new dry dock. The 
installation has many advantages. It simplifies maintenance work 
such as flame cleaning and repairs by welding; it reduces labour 
costs, provides safer working conditions and speeds up turnround 
time. The design of special holding and positioning equipment 
is a feature of the service offered by Donald Ross & Partners Ltd., 
to industry. Your enquiries will be welcomed. 


for all positioning and holding equipment 


Donald Ross & Partners Ltd., Gatwick Rd., Crawley, Sussex 





SATURN 


AND THE 
‘SCOTTISH 


MONARCH’ 


In shipbuilding, as in many 
other industries, Saturn 
gases and equipment play 
their part. A recent example 
of this is the Motor Vessel 
‘Scottish Monarch’, 9,466 
tons—built at Sunderland 
by Messrs. Bartram and 
Sons Ltd. and launched in 
June 1959. Here, Saturn 
gases and Saturn B.G.T. 
equipment were used ex- 
tensively in her construc- 


tion. Can Saturn help you? 


Saturn Industrial Gases: Pyrogas, Orygen, Dissolved 
Acetylene, Argon, Nitrogen and Hydrogen. Saturn 
also manufacture and supply the famous B.G.T. 
equipment and Saturn-Hivolt surge injector argon 
arc welding machines. 


SATURN INDUSTRIAL GASES LIMITED 


‘Erl Wood’ Windlesham, Surrey. Telephone: Bagshot 2441 


BRANCHES: LONDON - GLASGOW - ALDRIDGE - MANCHESTER - SHEFFIELD 
LYMINGTON - SUNDERLAND - THORNABY-ON-TEES 
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KONSTANTHERM 
welding blowpipe 
for operation at 
excessively high 
temperatures 


Welding a heavy steel casting where considerable heat ‘throw-back’ is experienced. 


The Konstantherm blowpipe is available with a range 
of heads for welding material up to 4” in thickness. The 
shaft and nozzle of this unique torch is encased in a 
thermal insulated sheath, which ensures a uniform 
temperature at the welding nozzle and therefore no 
backfiring. 


VvESSER Industrial Engineering Limited 


43-45 Knight's Hill + London + S.E.27 Telephone: GiPsy Hill 6111 


a More information ? Ask for a copy of ‘THE MESSER STORY’ 
NOVEMBER, 1960 








On site near Newbury, Constructors John Brown Ltd. use Quasi-Arc CELTIAN electrodes for welding a 16-inch diameter gas pipeline 
For pipelines, for storage tanks — 
Quasi-Arc CELTIAN electrodes 


CELTIAN 1s supreme for the vertical downwards (“‘stove- 
pipe’’) welding of pipes or tanks. It is designed for the 
job, with a special cellulose covering containing iron 
powder. Arc characteristics are so good that the 
electrodes can be used with D.C. or A.C. 


CELTIAN cuts welding time because of its higher deposition 
rates, easier de-slagging, and the elimination of 


back-chipping on tank work. 

CELTIAN 1s officially approved by leading authorities, oil 
companies and inspecting organisations in U.K. and 
U.S.A. AWS/ASTM Classification is E.6o10. 
CELTIAN (Molybdenum-bearing) electrodes are also avail- 
able for welding 5LX and other special grades of pipe. 
For full details write for leaflet T.C.117. 


() THE BRITISH OXYGEN COMPANY LIMITED 


Quasi-Arc Works, Bilston, Staffordshire. Telephone: Bilston 41191 
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Current 


WELDING LITERATURE 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 


Processes, published by the International Institute of 


Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Australian Welding Journal, 1960, vol. 3, March 


Joints in tubular structures, F. M. Clark (7-12) 

Radiographic interpretation, J. Hill (19-22) 

Stud welding speeds sheathing on St Mary’s Ammunition 
project (23) 

Australia’s largest coke oven battery begins production at 
Port Kembla (24-25) 


Automatic Welding (U.S.S.R.. 

B.W.R.A.), 1959, December 
A method of submerged arc surfacing high-alloy steels and 
alloys, Yaromir Lukasek and Karel’ Lobl’ (1-12) 
Resistance welding rail butt joints on low frequency currents, 
N. V. Podola (13-24) 
Some features of welding current control systems containing 
ignitron interrupters, B. E. Paton and V. A. Zavadskii (25-32) 
Welding conditions for spot welding mild steel components, 
S. M. Taz’ba (33-41) 
Methods of increasing the stability of high-efficiency welding 
arcs, G. I. Leskov and I. I. Zaruba (42-55) 
Automatic submerged arc welding of brass containing lead, 
I. I. Dzhevaga (56-68) 
Basic laws for the flow of gases from convergent nozzles, as 
regards oxygen cutting, A. D. Kotvitskii (69-77) 
Hardfacing rolling mill roll grooves by template, V. K. Kobyzev 
(78-87) 
Condenser discharge percussion welding of watch parts, V. E. 
Moravskii and I. Z. Khomenko (87-95) 
Metallographic non-destructive tests on welded joints, V. D. 
Molchanova (96-99) 
Bicycle tyre bead wires manufactured by resistance welding, 
Yu. N. Zaitsev and B. A. Kozlov (100-103) 
Electro-slag welding of heat-resistant chromium steels with 
plate electrodes, B. 1. Medovar and A. N. Safannikov (104 
105) 


The spectrographic determination of sulphur in certain types of 
steel and welds, A. S. Dem’ yanchuk (106-109) 


translated by the 


Electro-slag welding of 14 mm thick plate, |. V. Fed’ko (109) 
Instructional syllabi for training welding engineers, A. A. Alov 
Conferences-of readers of “‘Avtomaticheskaya Svarka” 

The A-540 apparatus for welding on branch pipes 

Propaganda for the publication “‘Welding” 

Index to articles published in 1959 


Esab Revue (France), 1959, No. 4 
Formation of the sigma phase in austenitic steels deposited by 
the electric arc, |. Wachtmeister (1-13) 


Difficulties encountered during the construction of a bridge- 
how they were overcome, M. Puschner (14-17) 


The Delta Bridge, G. Berg (18-20) 


Journal of the Japan Welding Society, 1960, vol. 29, May 
The importance of the welding engineer to the nuclear industry, 
F. W. Davis and E. B. La Velle (12-22) 

Movement of nugget on the multiple projection welding, 
T. Nakamura and M. Hamasaki (23-25) 
On the chemical reactions in molten steel with CO,-O, arc 
welding, Report I, 1. Masumoto (26-31) 


Some experiments on spot-weld shear consistency in aluminium 
alloys, T. Nakamura (32-37) 


Researches on hot-start, Report 3, E. Sugihara and others 
(38-42) 


A study of corrosion resistance and fatigue strength of inert 
gas arc and oxyacetylene welds of Al-Mg-—Mn alloy, H. 
Suzuki and K. Murase (43-49) 


Przeglad Spawalnictwa (Poland), 1960, vol. 12, August 
Designing and fatigue testing of welded tube structures, T. 
Robakowski 
Slag fluxes for submerged arc welding, M. Mysliweic 
Electric parameters of shipyard welding installations, R. 
Kensik 
Theoretic principles of metal gluing and preparing contact 
surfaces, R. Brzozowski 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
July 
Strength values of the deposits of weld metal and their inter- 


pretation from the point of view of present-day plasticity 
theories, W. Dannohl (297-303) 


Tests for the definition of weldability of steels, F. Calvo (303 
308) 


Use of ZTU-diagrams in welding practice, R. Muller (309-317) 


South African Institution of Welding Monthly Bulletin, 
1960, June 

The importance of polarity in arc welding (6—10) 

Some questions and answers on low hydrogen electrodes (10-12) 
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Soudage et Techniques Connexes (France), 1960, vol. 14 
May-June 
The use of welding in the construction of radars, J. Georgel 
(165-174) 


A welding day at Metz, Part 1; Point of view on specifications, 
J. Leclerc (179-181) 


A welding day at Metz, Part Il; Conditions imposed on steel- 
works by the requirements of specifications, F. Pichon and F. 
Bourdillon (182-185) 


A welding day at Metz, Part Il; Guarantees from the point of 
view of non-brittleness of structural steels within the frame- 
work of a specification, E. de Kerversau (186-192) 


A welding day at Metz, Part IV; Effect of chemical analysis 
on weldability, with particular reference to carbon content, 
P. Rousseau (192-198) 


Replacement, by welding, of the crown of a 12-ton hydraulic 
turbine of 60/40 brass, J. Thouvenin and others (199-208) 


Experimental study of the weldability of some high-strength 
steels used for aircraft construction, H. Granjon and J. Rosen- 
zweig (209-228) 


Souder (France), 1960, June 
Copper-arc welding (3-9) 
Welding of plastic materials (11-13; 21-23) 
A glance at a spot welding machine (15-19) 
Protection of the welder (27-30) 
Tool steels (31) 


Welding and Metal Fabrication, 1960, vol. 28, June 
Plug welding on the fuel guide mechanism for the Berkeley 
nuclear reactor, C. Phillips (216-228) 


Distortion problems in oxygen cutting, K. D. S. Semper (229 
234) 


Aspects of the fabrication of aluminium vessels, A. R. Wood- 
ward (235-245) 


Welding and Metal Fabrication, 1960, vol. 28, July 
Ultrasonic welding, B. E. Noltingk (260-266) 
Modern heavy-duty gas-cutting machines, R. Bechtle (267-27)7 
From a pin to an elephant, T. J. Palmer (278-287) 


A review of medium frequency alternators for arc welding, 
D. A. Hollingsbee (288-292) 


Moving platforms for London’s Underground. Use of water- 
cooled welding jigs (293-295) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
July 
New horizons for hardsurfacing (27—32) 


Welded bridges. New horizons for high-strength steels, A. L. 
Elliott (35-36) 


How to weld molybdenum, Part 3 (37) 

Eddy current testing of superalloy weldments (41-42) 

New all-welded pontoon is stronger, lighter, cheaper (43-44) 
New techniques for stress analysis (45) 

Automatic flame cutting saves $10,000 (46) 

Quenched arc: a new way to cut thin-metal parts (48-49) 
Welded repair of base saves $1,084 (50) 


Welding Engineer (U.S.A.), 1960, vol. 45, June 
Non-destructive testing—an important factor in quality con- 
trol (30-31) 

Circumstances and job requirements govern selection of radia- 
tion source in inspection, J. A. Reynolds (32-33) 

How to interpret radiographs, R. Chuse (34-35) 

Four of the more common X-ray methods. Engineering data 
sheet no. 237 (37) 

How to establish a program for radiation safety, R.O. Gorson 
(38-39) 


Ultrasonic testing is a fast, economical means of discovering 
weldment flaws (40-41) 


Ultrasonics versus radiography, J. E. Bobbin (41) 

For surface and near-surface inspection, use penetrants and 
magnetic particles (44-46) 

Large savings claimed in blast furnace hardfacing (60) 
CO,-Mig used to advantage in crankshaft rebuilding (64) 


Ultrasonic, gamma, X-ray inspect vital nuclear reactor 
components (68-70) 


Tig welding fabricates an aluminium duct (76) 


Welding Fabrication and Design (Australia), 1960, 
vol. 3, April 


A practical approach to determine welding size, O. W. Blodgett 
(9-15) 


How design can affect the fatigue of welded structures, T. P. 
Gurney (16-20) 


“Low heat” welding in the tool room, R. D. Boyle (23-27) 


Welding Fabrication, and Design 1960, vol. 3, May 


How to fusion weld cast iron (9-10) 

Fatigue failure—why it occurs, R. Weck (11-15) 

“Low heat” welding in the tool room, Part 2, R. D. Boyle (16 
) 
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Welding Fabrication and Design (Australia), 1960, 
vol. 3, June 


The selection and welding of thick plate for nuclear power 
applications, A. S. Ailes and W. I. Pumphrey (9-12) 


The influence of oxygen on world steelmaking, J. L. Harrison 
(13-20) 


Welding reinforcing steel (21-24) 


Other Journals 


Automated slitting, welding impreve industrial grating (S/ee/ 
(U.S.A.), 1960, vol. 146, May 16, pp. 100-101) 

Cutting oils and coolants. Section 1: What does a cutting fluid 
do?, J. J. Obrzut. Section 2: Match cutting fluid to the job. 
Section 3: How metals influence selection. Section 4: Tooling: 
speeds and pressures exert heavy burdens. Section 5: Care of 
cutting fluid pays off. (/ron Age (U.S.A.), 196C, vol. 185, 
March 3, pp. 87-89, 90-92, 93-95, 96-99, 100-102) 

New heater brazes tool tips (/ron Age (U.S.A.), 1960, vol. 185, 
March 10, pp. 129) 

Mobile unit welds tanks faster—single station controls posi- 
tioning and welding (/ron Age, (U.S.A.), 1960, vol. 185, March 
10, p. 136) 

How to weld galvanized steel, J. F. Rudy (/ron Age (U.S.A.), 
1960, vol. 185, March 31, pp. 154-156) 

Three-step welding method speeds repairs on castings (/ron 
Age (U.S.A.), 1960, vol. 185, April 7, pp. 96-97) 

Fused silica glass insulates portable brazing furnace (/ron Age 
(U.S.A.), 1960, voi. 185, April 7, pp. 102-103) 

On the study of restraint and residual stress due to welding on 
erecting butt joint of ship’s hull, Report 1; Relation between 
restraint and residual welding stress obtained by the new experi- 
mental “Restrained-Joint’” method proposed by the authors, 
T. Yoshida, T. Abe and H. Onoue. Report 2; Residual stress 
distribution due to welding on two mutually adjacent butt 
joints, T. Yoshida, T. Abe and H. Onoue (Journal of the 
Society of Naval Architects of Japan, 1960, vol. 106, Jan., 
pp. 223-237, 239-247) 

The future of cast iron, E. Longden (/Jron and Steel, 1960, vol. 
33, May 25, pp. 267-271) 

Eddy-current tesing, T. J. Baugh (Wiggin Nickel Alloys, 1960, 
No. 56, pp. 10-16) 

Plasma jet, L. Lindblad (Hitsaustekniikka Svetsteknik (Fin- 
land) 1960, No. 2, April, pp. 24-27) 

Ultrasonic weld inspection—a status report, J. E. Bobbin 
(Nondestructive Testing (U.S.A.), 1960, vol. 18, May-June, 
pp. 200-202) 

Whither welding?, W. Nuttall (New Zealand Engineering, 1960, 
vol. 15, April 15, pp. 140-143) 





NON-DESTRUCTIVE 
TESTING 





ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 4041 








RADIOGRAPHY 


on site — 
—in your works — 
—in our LABORATORY 
HEAD OFFICE at BLD 48 
BIX. LTD — ¢ _Lonpon airport 


75 HIGH HOLBORN A HOUNSLOW 
LONDON, WCI L MIDDX 
CHA 4183 -L—> SKY 1537 








(Palmer 


NON-DESTRUCTIVE TEST SERVICE 





X-Ray and Gamma-Ray service (Test House 
and Mobile) *® Magnetic crack testing 
Fluorescent crack testing * Ultra-sonic 
testing * Pressure testing—air and hyd- 
raulic % Low temperature testing *% Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 











INSPECTION SERVICES LTD 
Oldfields Trading Estate 


Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.L.D. APPROVED TEST HOUSE 


Telephone: airlands 4546. 








Revolutionise your entire inspection and quality control pro- 


gramme with: 


XERORADIOGRAPHY 


—the new process which reduces inspection time and makes 
100%, inspection economical. 


For further information please write to: 


RANK XEROX LTD., 


33—41 Mortimer Street fa 
LONDON Wl lA J 


Telephone No: MUS 5432 








THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











NON-DESTRUCTIVE WELD 
EXAMINATION 


The School of Welding Technology will hold a course 
on this subject from 13th to 17th February 1961 
inclusive at the Institute of Welding. For further 
details of this and other courses send for prospectus. 


Dept. NDE. INSTITUTE OF WELDING 
54 Princes Gate, Exhibition Road 
London S.W.7. 
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MANCHESTER OIL REFINERY 
(SALES) LTD 


76 Jermyn Street, London, S.W.! 


Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 


Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 
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'| Mobility plus Service - thats Copley 


MOBILE X-RAY LapoRraTony 
UNIT Ne 4 


This mobile laboratory is completely equipped for the most exacting tests 


@ Welding Supervision 
@ X-ray and Gamma Ray 


In your Works... 


A Copley Mobile Laboratory is on call at almost any hour of 
the day to undertake tests in your works. It is worth 
finding out how we replace guesswork with certainty. 

A consultation puts you under no obligation whatsoever 
Write, call or telephone today. 


On the Site... 


We can test your work wherever one of our mobile units 
can penetrate. Distance is no object—our staff take a pride 
in making even the most difficult assignment on time 
Mobility plus service—that's Copley. 


@ Ultrasonic Flaw Detection 
@ Leak Detection by Radioactive Isotopes 
@ Magnetic and Penetrant Dyes 
@ Marine Thickness Measurement 


COPLEY METAL TESTING LIMITED 


WHITE STREET 


NEWCASTLE UPON TYNE 6. 


Telephone: Newcastle 624214 & 666529 








Welded Steelwork 
for United Kingdom 
Atomic Energy 
Authority 











Steel chimney for Windscale Works of 
U.K.A.E. Authority. Length: 105‘0" Diameter: 
70” splaying out to 10’6” in lower 24’0" 
JOHN BOOTH & SONS (BOLTON) LTD. 
Hulton Steelworks, BOLTON. 
Telephone: BOLTON 1195 
London Office : 26 Victoria St., Westminster, S.W.1 Tel: ABBey 7162. 
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RESISTANCE WELDING MACHINES 


A COMPREHENSIVE RANGE OF MACHINES CAN BE SEEN 
IN OUR WELDING DEMONSTRATION WORKSHOP 


WE INVITE YOUR ENQUIRIES 


MERITUS (BARNET) LTD. 


BARNET, HERTS. BAR. 2291/2 
Gold Medal and Bronze Medal. Brussels World Exhibition 1958. The Engineering Centre Collective Exhibit. 








FULLY 
PORTABLE 


DUST- 
FREE 


ONE-MAN 
OPERATION 


ONLY COMPRESSED 
AIR REQUIRED 


Se 


VACU-BLAST LTD wettcrort road stoucH BUCKS 
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INDUSTRIAL X-RAY EQUIPMENT 


—always at hand 


The well-known Pantak range of industrial X-ray equipment has now 
been augmented to include the completely portable Balteau units 
manufactured by Usines Balteau of Li¢ge. Backed by the unequalled 
Pantak after-sales service, these units have been designed to give the 
maximum number of KV per Ib. and are available in three sizes to meet 
the varying needs of different industries. The Baltospot 140 has an 
X-ray head of 55 Ibs., the 200 has an X-ray head of 84 Ibs. and the 300 
n X-ray head of 184 Ibs. Each of these units can easily be moved by 
one man. 


Please write for full details of Balteau and Pantak equipment up to 500 KV. 


PANTAK LIMITED 


VALE ROAD, WINDSOR, BERKS. 
Telephone: WINDSOR 3225-6 





Footmen are aloof to Bennett's gloves — 


but they’re vital for jobs 
‘on hand’ 


A wide range of quality industrial 

Gloves, Mitts, Aprons and Clothing 

in leather, rubber, asbestos, 

plastic and various fabric materials *- 
are made and stocked for all | 


Toss. Soe 


=e 
ess =. 


consultation in all parts of the 


British Isles at short notice. 


wa” BENNETT'S 
NDUSPRIALR GLOVES 


H. G. BENNETT & CO. (Gloves) LTD. - Industrial Glove Specialists - LIVERPOOL 23 - GREat Crosby 3996/7 


trades and processes. Technical 
a , Representatives are available for 


cvs-16 
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SIFBRONZE 


—\ 
‘It's stronger}than 





Process 101 is the new method of jointing 
cast iron by low-temperature bronze- 
welding—and it produces joints far and 
away superior to any other method. By 
means of the new Sifbronze rox rod and 
the new Sifbronze 1o1 Flux, the old slug- 
gishness of flow across the joint face has 
been completely eliminated. Result is a far 
greater degree of ‘penetration’ of bronze 
into the parent metal and ‘peeling’ of 
joints is now a thing of the past. A Process 
101 weld is definitely stronger than the 
original cast iron! 

If you fill in the coupon we will send you 
full details and a free sample. 


says Will the Welder 


original cast iron!” 


| 
To Suffolk Iron Foundry (1920) Ltd 
Stowmarket, Suffolk. 


Please send me Process 101 Leaflet and 
a free sample of 101 Rods. 


ADDRESS 


| 
| 
| 
| 
| NAME 
| 
| 
| 
| 





CLASSIFIED ADVERTISEMENTS 





SERVICES OFFERED 
FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157 
159 Borough High Street, London S.E.1. 








Whether you buy on PRICE 
or SPECIFICATION 


ENTWELD 


Oil-immersed Transformer 
Arcwelders 
are the Best INVESTMENT 


i YEARS PROVED 
DEPENDABILITY 


TODAY Rentweld value is STILL 
unsurpassed. 


180 arp sets from 635 
Hire from £15 for 3 months 
REDUCING 


ENTWELD LTD., 
wc GUL 6006/7/8 


NEW DOUBLE END PUNCHING, 
SHEARING, SECTION CROPPING 
AND NOTCHING MACHINE, MODEL 
BU.100 for sale. Shears plates up to #”, 
flat bars up to 1” x6", rounds up to 23” 
diameter, squares up to 2”, angles and tees 
and 90°, 5$” x 5§” « 44” and 45°, 4” « 4" }’. 
Punches up to 1}” diameter. Depth of gap 
20”. Weight 44 tons. Arranged motor drive 
400/3/50. All steel construction. Photo etc. 
from F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1, or 41 Water Street, 
Birmingham 3. 
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Vacancy for 
SENIOR TECHNICIAN WELDER S.T.W. 


Department of Civil Engineering, City and Guilds 
College, Exhibition Road, London, S.W.7 


Required for thin plate structures. Experience in 
argonarc and non-ferrous welding. Salary range 
£640 to £740 per annum, plus London weighing, £45, 
plus supplementary qualifications allowance. Apply 
to Mr. BRANNAN at above address. 





BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF 
SERVICE. 


Fully guaranteed sets—110 amp £25, 180 

amp £45, 250 amp £71, 300 amp £85, 350 

amp £99 10s., 450 amp £135, etc. Also Two- 

operator 180, 250 and 3C0 amp Models, 
ex stock. 


Send for leafiets and booklet from Britain’s 
largest electric welding plant stockists 
c. G. & W. YOUNG 


15A COLNE ROAD, TWICKENHAM. 
POP. 5168 











“B.O.C.” SIZE 55. TYPE H. UNIVERSAL 
CUTTING MACHINE for sale. Suitable 
for oxy-acetylene, oxy-propane or oxy- 
coalgas with suitable nozzles. Largest cut 
9’ 3”. Largest circle 4’ 7” diameter. Largest 
rectangular surface area 16 sq.ft. Motor 
drive suitable for 230 volts D.C. Automatic 
circle cutting gear with graduated radius 
bar for cutting without templates. Cuts 
from }” to 24” thick. Magnetic tracer roller, 
template support and nozzle. F. J. Ed- 
wards Limited, 359 Euston Road, London, 
N.W.1, or 41 Water Street, Birmingham 3. 


The following books may be purchased from the 
Institute of Welding. 
Handbook for Welding Design—Vol. 1 

45s each plus 1/6 postage 
Index to ‘‘Transactions” and ““Welding Research”’ 
(1939-1953) 25s each plus 1/- postage 
Control of Welding Distortion 

5/- including postage 

The Use and Welding of Aluminium in Shipbuilding 

15/- each plus 1/6 postage 





MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 
dm M0107// 


The cost of insertions in this column is 3s. 6d. 
a line, or 30s. per inch depth semi-display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be addressed 
to Box. 000, British Welding Journal. 


All matters relating to classified advertise- 
ments should be addressed to Advertisement 
Department, British Welding Journal, 54 
Princes Gate, Exhibition Road, London 
S.W.7. 


Copy should be sent by 6th of each month 
for publication in the following month. 























if SUPPLIES timiteos } 


: ie LA 2 the welders 
Wire SS * choice 
for the 
welding 
ae 


The light and easy handling of the Electrode Holder 
makes it the welder’s choice. 

Supplied to internationally known Companies, the 
two types, Prong Fixing and Screw Fixing, each come 
in two different sizes, 400 amp. and 600 amp. Capa- 
city, with all parts replaceable. 

The holders are available on trial for test purposes, 
and all spares can be despatched immediately, on 
request. 
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% Can be laid down without arcing. 


COURTBURN SUPPLIES LTD. 


Stanley Works, Kempston Hardwick, Bedford. Telephone: Kempston 2341 
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CO, WELDING 


PHILIPS 
LEAD AGAIN! 


FASTEST MANUAL ALL-POSITION WELDING! 


twice as fast as heavy-gauge manual electrodes 


All-position welding—from 
overhead through vertical to 
downhand—twice as fast as 
heavy gauge manual electrodes 

that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
ordinary D.C. welding-power 
sources, either rectifier or motor- 
generator. The specially designed 
“easy-on-the-arm” welding gun 
gives perfect balance in the hand, 
and eliminates operator fatigue 
to a minimum. Ask for full 
details. 





PHILIPS 





By courtesy of Watson's Welding Lid. 
OTHER LEADING FEATURES 


Wire-feed and welding current automatically stop Three wire sizes: 0.9 mm, 1.2 mm. 1.6 mm. 

and red warning lamp lights if gas fails. Only the gun contact-tip is changed. 

Wire feed infinitely variable between 6 and Coil holder carries 44 or 56 lb coils of wire, has 

54 F.p.m. Set by directly calibrated control. adjustable automatic brake. 

Wire controlled during welding by solenoid- Turntable mounting of wire-feed unit gives up to 

operated pressure roll and adjustable straightening 20 ft of gun movement. 

device. Low-hydrogen welds of high radiographic quality 
are consistently made. 


Sole distributors in the U.K 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING’S CROSS ROAD, LONDON W.C.1 TELEPHONE: TERMINUS 2877 
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